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Occupational P. rogram of the 
Strategic 


LIEUT. COL. ALVIN F. MEYER Jr., PE (MSC), 


The Strategic Air Command, more gen- 
erally known as SAC, is the long-range 
nuclear striking force of the United States 
Air Force. Under control of the Joint 
Chiefs of Staff, SAC has the mission of 
being prepared to conduct long-range bom- 
bardment missions in any part of the world 
at any time. It is a highly integrated organ- 
ization of men and machines. The principal 
aircraft used by SAC are the six jet, swept 
wing B-47 (an aircraft in the 600 mph 
class); the B-36 bomber with six conven- 
tional and four jet engines capable of oper- 
ating above 40,000 ft. with a bomb load of 
up to 40 tons; the eight jet, swept wing 
B-52 stratofortress; the KC-97 aerial re- 
fueling tanker, and the C-124 globemaster 
cargo aircraft and strategic fighters. The 
KC-135 jet tanker will be in service in the 
future. In the event of actual combat opera- 
tions the ultimate aim of SAC’s operations 
is to disarm the enemy as quickly as possi- 
ble and to destroy his will to fight. A brief, 
unclassified, comprehensive description of 
SAC, its aircraft, training, and organiza- 
tion, is contained in the pamphlet, “Scanning 

The question might well be asked, “Why 

Received for publication March 16, 1956. 

Chief, Preventive Medicine Branch, Office of the 


Surgeon, Headquarters Strategic Air Command, 
Offutt Air Force Base, Nebraska. 


Fig. 1—B-52 stratofortress being refueled by 
prototype KC-135 jet tanker flying at approxi- 
mately 500 mph. This scene typifies the complexity 
and high performance of the Strategic Air Com- 


mand weapon system. Support of this type of 
aircraft requires an integrated production control 
system in which the importance of man as a com- 
ponent is one of the more acute reasons for the 
SAC occupational health program. 


have an occupational health program in a 
combat military organization such as 
SAC?” As the modern weapons system has 
become more and more effective, necessary 
support and maintenance for aircraft, ac- 
cessories, armaments, and weapons have 
also become increasingly complex. The air- 
plane and its associated components today 
are vastly different from those of World 
War II. As an example, the aircraft struc- 
tural repair problems are quite different 
from those which existed in days during 
the reciprocating engine, medium-perfor- 
mance aircraft era. The skin of a B-17 
bombardment-type aircraft was 245 in. 
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thick aluminum. On the B-47 it is 54 in. 
(2%> in.) thick at the wing root, tapering 
to 3%, in. at the tip. On the B-52 it is 
milled aluminum many times thicker than 
the B-17 skin. Competent structural engi- 
neering knowledge and skill are required for 
the repair and maintenance of such aircraft. 
Virtually every aircraft component and 
system have become of a nature requiring 
specialized inspection and repair techniques, 
even at base level. A further example of 
the increasing complexity of the mainte- 
nance operations may be gathered from the 
fact that 19% man-hours of maintenance 
are required to produce one flying hour for 
the B-17. The B-47 requires 47 man-hours 
of maintenance (exclusive of engine over- 
haul and minor repair); the B-36 requires 
92 hours per flying hour; and the B-52 
requires 117 hours. 

With the advent of atomic and thermo- 
nuclear weapons delivered by high-perfor- 
mance jet aircraft, the importance of a 
single aircraft and a single weapon becomes 
immediately apparent. It is obvious that a 
high degree of base-operational-level inspec- 
tion and maintenance is required if the 
weapons system is to be ready to discharge 
its assigned mission in an economical man- 
ner. Depot overhaul and maintenance are 
still a major requirement; however, main- 
tenance activities at base level have become 
more detailed, requiring highly skilled per- 
sonnel and equipment. 

Concurrent with the development of the 
airplane and the increasing maintenance 
problems at installation level, there has 
developed a widening utilization of the tech- 
niques and procedures common to the avia- 
tion industries throughout the Air Force 
structure. Management is intensely aware of 
the dollars-and-cents aspects of all opera- 
tions, both as they are related to matériel 
and with regard to man power (the latter 
being one of our most critical assets). Inas- 
much as the U.S.A.F. operates within 
strict budgetary and personnel allocations, it 
is essential that maximum productive effec- 
tiveness be maintained. An example of the 
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concern in this area is the fact that in SAC 
all maintenance personnel are required to 
maintain time cards similar to those used in 
industry. These time cards are used as a 
basic source of data for the maintenance 
production control system.? Included in 
the nonproductive man-hour accounting are 
reports of absences due to illness and in- 
jury, medical outpatient treatment, and 
physical examinations and similar proce- 
dures. 

Some better of the scope of the 
occupational health problem on an average 
SAC base may be obtained from the follow- 
ing information for a_ typical two-wing 
SAC base. Almost 80% of all SAC person- 
nel are involved in maintenance or support 
activities. A typical base may have between 
6000 and 7000 assigned, of 
whom the majority are, of course, military. 
Aircrews comprise approximately 10% of 
the total number. The total physical assets, 
including the aircraft and real property, 
average around $358,500,000. The average 
hourly wage paid maintenance workers 
amounts to approximately $1.25. The total 
monthly operating cost, including salaries, 
utilities, and similar costs, amounts to ap- 
proximately $2,922,000. The average total 
floor space of base shops is 356,000 sq. ft. 
In addition, line maintenance and hangar 
facilities provide another 160,000 sq. ft. of 
work area. 

A wide variety of industrial type opera- 
tions are conducted within the shop and 
work areas, involving many industrial hy- 
giene and occupational health hazards and 
problems typical of the aviation industry. 
Because of the specialized nature of Air 
Force operations there are a number of un- 
usual type hazardous exposures. Among the 
problems of major concern in this area are 
those related to high-intensity noise and the 
handling of large volumes of aviation fuel. 

The aircraft inspection-and-maintenance 
program includes such activities as pre- and 
post-flight inspections, minor aircraft re- 
pairs, washing and preflight preparation of 
aircraft. In addition to the exposure to 


idea 


personnel 


4, 
4 


chemical hazards incident to such work, 
personnel must accomplish these operations 


frequently under extreme climatic con- 


ditions, with exposures to very high or very 
low temperatures, high winds, and _ glare 


conditions. Although a major portion of 
the aircraft overhaul and maintenance op- 
erations are conducted in shop areas, there 
is a considerable amount of work actually 
done within aircraft in parking areas, which 
requires personnel to work in very con- 
fined areas, again frequently under adverse 
climatic conditions. There are many prob- 
lems of ventilation illumination of 
work areas within the airplane. It is obvious 
that even a small amount of solvent vapor 
may represent a very serious potential haz- 
ard under such conditions. 

Field activities include 
shops for in-flight refueling equipment, hy- 
draulic systems, electrical equipment, instru- 
ment and office-machine repair, overhaul of 
pneumatic systems, wheel and tire build-up, 


and 


maintenance 


Fig. 2.—Postflight in- 
spection of a B-36 air- 
craft. Some concept of 
the size of the aircraft 
and the massiveness of 
support equipment is 
given in this view of a 
postflight inspection crew 
and maintenance stand 
checking the vertical 
stabilizer of the B-36 air- 
plane. Such must 
be done in all types of 
weather, exposing person- 
nel to extremes of hot 
and cold temperatures, 
wind, glare from reflec- 
tions off of aircraft sur- 
faces, and other adverse 
weather conditions. In 
the background may be 
seen a building housing 
the field 
maintenance shops. 


work 


a portion of 


fuel-system repair, aircraft repair and re- 
clamation, repair of motorized and ground 
equipment, battery shops, and power plant 
maintenance, including engine conditioning, 
engine change, engine build-up and _ tear- 
down, power pack repair, jet engine over- 
haul, and propeller repair. A wide variety 
of materials affording potential hazards, in- 
cluding solvents, alcohol, lubricants, small 
quantities of toluene, acetone, ethyl alcohol, 
caustic cleaners, fuels, and some exposure 
to lead, are present throughout these shops. 
There are potential exposures to carbon 
monoxide, and many of the chemicals re- 
quired in maintenance operations are possi- 
ble sources of dermatitis. 

In support of the aero-repair facilities 
there are required a number of fabrication 
operations. Minor changes in aircraft con- 
figuration and frequently 
require the preparation on a semi-produc- 
tion-line basis of equipment for “technical 
order compliance.” To support this function, 


components 
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Fig. 3—Periodic main- 
tenance of B-47 engines. 
Periodic maintenance of 
engines and other equip- 
ment installed on aircraft 


has an important func- 
tion, as shown this 
photograph of a _B-47 


stratojet medium bomber, 
being accomplished at 
night in the nose docks 
at a SAC base. Prob- 
lems of illumination and 
vision and protection 
against solvent vapors 
are inherent in this type 
of operation. 


machine 
shops; welding shops; doping, painting, 
and fabricating shops; sheet-metal shops; 


there are woodworking shops; 


electroplating shops; trichloroethylene-de- 
greasing facilities, and parachute, leather- 
repair, and textile facilities. The usual 
industrial hygiene problems involved in all 
these operations are present. Included are 
mechanical injury; possibility of production 
of dermatitis; exposure to ultraviolet and 
infrared radiations in welding operations 
and to metal fumes, and exposure to ben- 
zene acetone, ethyl alcohol, naptha, paint 
pigments, solvents, ethylene dichloride, 
methyl ethyl ketone, trichloroethylene, and 
electroplating materials, 

Another very important maintenance ac- 
tivity is the armament and electronics main- 
tenance operation. In this activity the radar, 
radio, and gunnery systems are maintained, 
as well as camera repair and navigation and 
bombardment devices, and associated weap- 
ons’ maintenance. Materials used include 
solvents, such as trichloroethylene, with 
some soldering accomplished and the poten- 
tial problem of exposure to microwave ra- 
diation. 

There are a number of other activities 
of primary concern in the occupational 
health program as well as those relating to 
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aircraft maintenance. Each base has a large 
motor-vehicle shop in which routine periodic 
maintenance is accomplished so as to keep 
Air Force-owned vehicles in proper operat- 
ing condition. These shops are typical of 
large automotive repair garages and involve 
operations such as soldering, painting, weld- 
ing, and engine overhaul. Operation of the 
fuel system for aircraft the 
handling of large volumes of aircraft fuels 
and associated additives. To support an ac- 
tivity of the magnitude of the average air 
base, housekeeping of the installation is 
accomplished through the installations engi- 
neer. He operates welding shops, sheet- 
metal shops, degreasing shops, woodwork- 
ing shops, paint shops and has plumbers and 
electricians and other utilities personnel 
working throughout the base. The insect 
and rodent control section operated by this 
division handles a wide variety of economic 
poisons, with associated potential exposures 
both to the poisons and to their diluents and 
solvents. Base fire departments handle large 
volumes of fire extinguishants, such as 
chlorobromomethane, carbon dioxide, and 
carbon tetrachloride, with attendant potential 
exposures. Most bases have their own 
water-and-sewage facilities, with attendant 
problems of protection of the operators 


involves 
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thereof against such chemicals as chlorine 
gas, lime, soda ash, fluorides, methane, and 
hydrogen sulfide. 

There are also present potential hazards 
affecting clerical and administrative per- 
sonnel, such as the handling of duplicating 
fluids, exposure to deficiencies of illumina- 
tion, and other adverse working conditions. 

The occupational health problems in the 
Air Force working environment also in- 
clude cognizance of factors in the working 
environment which produce a lessened abil- 
ity on the part of employees to do their 
job. This situation is typical of that which 
exists in civilian industry and may arise 
from physical, psychological, or other fac- 
tors. In many instances such employees 
frequently present themselves to the out- 
patient department with vague and _ill-de- 
fined symptoms. Among the factors which 
influence the incidence of this situation are: 

(a) Actual repeated exposures to unsuspected 
low-level toxicants, with the resulting slow build- 
up within the body of harmful effects. 

(b) Long working hours coupled with adverse 
environmental conditions, such as excessive heat 
or cold, glare, noise, irritating or esthetically un- 
desirable conditions. 

(c) Poor dietary habits. 

(d) Dissatisfaction with job, promotion oppor- 
tunities, or related conditions. 

(ce) Adverse off-duty living or recreational fa- 
cilities. 

(f) Mild personality or emotional 
either job or off-duty related. 

Concern for this type of problem is no 
unusual situation peculiar to Air Force op- 


erations.® 


conflicts, 


There are also present all the usual com- 
munity public health considerations required 
for the living environment—the need for 
consideration of housing, food service, pro- 
vision of sanitary water supply and waste 
disposal, insect and rodent control, and the 
prevention of communicable diseases. 

A comprehensive occupational health pro- 
gram is a logical extension of Air Force 
management’s interest in the total problem 
of economical, effective Air Force opera- 
tions. The occupational health program in 
‘SAC is designed to improve and maintain 
the productive effectiveness of the working 
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force—both military and civilian employees. 
The aim of the program is not only to 
prevent or minimize time away from places 
of work as a result of occupational dis- 
eases and injuries but also to reduce all 
lost time due to sick absenteeism. This has 
always been a fundamental concept of mili- 
tary medicine with its principles of selection 
of personnel to meet physical standards, 
preventive measures to minimize the effect 
of adverse conditions, and early restoration 
of the sick and injured to duty. 

The occupational health program devel- 
oped to provide the required health pro- 
motion and conservation measures at SAC 
installations is an integral part of the base 
medical service. In general, it consists of 


two broad functional areas—those devoted 
to procedures for employees and_ those 
The 
functional activities of the flight surgeons 
are closely integrated with those of other 


medical personnel and the sanitary 


which pertain to the environment. 


and in- 
dustrial hygiene engineers of the medical 
service. 

To a large extent the entire military 
medical system is concerned in one way or 
another with the problems of occupational 
health. The inpatient and outpatient de- 
partments, laboratory, aeromedical services, 
and administrative activities, not normally 
considered as part of the preventive medical 
effort, have major roles to play in the pro- 
gram. A physical classification profile is a 
basic part of each airman’s job description, 
and such a physical profile is assigned a 
man on his entry into the military service 
based upon his physical examination at 
that time. Appropriate changes are made in 
event of illness or injury, and if the profile 
does not meet that for the job concerned, 
the man must be reassigned or retired 
under provisions of personnel procedures. 
Provision exists for similar procedures with 
regard to civilian employees under Civil 
Service regulations. In addition, a preplace- 
ment physical examination program is en- 
forced for those jobs in which there are 
special physical considerations, requiring 
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either baseline data or exclusion of persons 
with disqualifying physical status. 

Periodic physical examinations are uti- 
lized to detect the effects of exposure to 
the occupational environment, with a view 
of possible initiation of corrective measures 
well in advance of actual onset of disease 
or disability. While it would be highly 
desirable to accomplish such examinations 
on all the SAC work forces, the scarcity of 
physicians and medical personnel precludes 
this. Instead, with the exception of certain 
potentially serious hazardous exposures, 
periodic examinations are accomplished on 
a statistically significant portion of the ex- 
posed group within a shop or work area. 
The selection of individuals for the sampling 
group is generally based on evaluation of 
the work environment and operation by the 
industrial hygiene engineer so as to select 
those with the greatest exposure. Similarly 
in work areas environmental sur- 
veys have shown the exposure potential to 
be slight, random examinations are made 
periodically on selected persons. The results 
of these examinations are carefully studied, 
and, if indicated, additional personnel are 
examined. Workers exposed to high-inten- 
sity noise are included in the group re- 
quiring detailed physical examinations on a 
periodic basis. Of interest also is the fact 
that only standard Air Force, Department 
of Defense, and federal agency forms are 
used for maintenance of required records of 
the occupational health program. As a re- 
sult, the standard military outpatient service 
folders are a basic component of the occu- 
pational health program records. There is 
a wide variety of standard federal forms 
which either are directly applicable or may 
be adapted for the purposes required in the 
occupational health program. 

The close relationship between medical 
and engineering procedures required for the 
operation of the periodic physical examina- 
tion program is carried out further with 
regard to investigations of suspected cases 
of occupational disease or dermatitis. En- 
vironmental surveys of exposure conditions 
are generally accomplished on all such cases. 


112 


where 


There are many unusual environmental 
problems requiring the practice of a high 
degree of sanitary and industrial hygiene 
engineering skill. Advice and assistance are 
provided operating agencies on minimizing 
the effects of environment on aircrews. 
Considerable emphasis is being given to the 
biotechnical aspects of work procedures and 
shop environments with a view toward im- 
proved worker effectiveness. Studies made 
in the past have included those on aircraft 
fuel-cell repair, human engineering in bat- 
tery shops, and acoustical noise reduction 
design for crew positions in aircraft, among 
others. 

To coordinate and direct a program of 
the broad scope covered by the occupational 
health program in SAC at many installa- 
tions, there have been appointed preventive 
medicine councils consisting of the senior 
medical officer in charge of the medical 
facility, the flight surgeon, the chief of 
professional services, the sanitary and in- 
dustrial hygiene engineer officer, the veteri- 
nary officer, and representatives from the 
directorate of matériel and office of safety 
and other base agencies. A major area of 
service to the command provided through 
the occupational health program is in con- 
sultations to various staff agencies at SAC 
headquarters and numbered Air Force head- 
quarters. These professional consultations 
cover a wide variety of engineering and 
biomedical subjects, which include planning 
for new procedures and operations in 
which potentially hazardous exposures to 
physical, chemical, or biological agents of 
disease are present as well as solutions to 
current problems. Another major contribu- 
tory service to other agencies is the prepara- 
tion of articles on occupational health 
subjects for publication in various publica- 
tions, such as the SAC Maintenance Engi- 
neering Bulletin and the Combat Crew and 
Flying Safety magazine. 

In order to provide required additional 
training for newly commissioned sanitary 
and industrial hygiene engineers, there has 
been developed a guided study program. 
This program is intended to be used as an 
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aid in self-study and supplements training 
available from other sources. A number of 
comprehensive reference publications in the 
field of occupational health have been pre- 
pared for use as guides in the command. 
Among these are those relating to noise, 
radiation exposure, planning for disaster 
operations, a guide to the occupational 
health program, and an engineering data 
book for the preventive medical and occupa- 
tional health program. Information on pre- 
ventive medical and occupational health 
subjects of a nondirective nature has also 
been distributed to subordinate activities by 
the command surgeon’s office through the 
means of a preventive medicine bulletin. 
Biometric studies of both occupational 
and nonoccupational disease problems are 
a continuing function at command _ head- 
quarters and subordinate levels. The com- 
mand sick absence rate for both military 
and civilian personnel is computed from 


data available from the previously refer- 
enced time cards. These data are analyzed 
in comparison with known rates in civilian 
industry and other military organizations. 
Review is also made of all clinical record 
cover sheets, DD Form 481-3, in cases of 
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hospitalized conditions attributable to occu- 
pational exposures. Where indicated, fol- 
low-up action is taken to bring the facts 
of such cases to the attention of manage- 
ment. 

In conclusion, the occupational health 
program in SAC can be thought of as 
comparable with that of the civilian aviation 
industry, with necessary modifications to fit 
the special needs of a combat military 
organization. The future problems will un- 
doubtedly be of a stimulating and challeng- 
ing nature if the experience of the past is 
any indication. The mission of conservation 
of productive effectiveness is being met, 
although many problem areas yet remain. 
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Butyl Cellosolve * (CsHgQOCH2CH2OH 
—2-butoxyethanol) is a glycol ether with ex- 
cellent solvent power for many of the resins 
used in surface coatings. It is a useful 
coupling agent, because it is miscible with 
water and with most solvents and many oils. 
In surface coatings it imparts blush resist- 
ance, gloss, and good flow-out. It is also 
employed in metal cleaners, dry-cleaning 
soaps, and hydraulic fluids. Butyl Cello- 
solve has a specific gravity of 0.9019 at 
20/20 C, a boiling point of 171.2 C, and 
a vapor pressure of 0.76 mm. Hg at 20 C. 
Vapor-saturated air at room temperature 
has a concentration of the order of 1000 
ppm butyl Cellosolve. Its relative evapora- 
tion rate is 1, in a scale in which that of 
Cellosolve is 5, butyl alcohol, 7, methyl 
Cellosolve, 8, xylene, 10, toluene, 40, and 
acetone, 200. 


Previous Work 


Browning ? summarized the scanty litera- 
ture upon the toxicity of butyl Cellosolve 
and mentioned isolated complaints of eye 
and nose irritation and headache. She found 
only one report of possible systemic effect 
in a workman. This man twice suffered 
attacks of hematuria while working with 
both butyl Cellosolve and butyl Carbitol. 


Received for publication April 13, 1956. 

Mellon Institute of Industrial Research. 

Presented in part at the Annual Meeting of the 
American Industrial Hygiene Association, Phila- 
delphia, April 23-27, 1956. 

* Cellosolve is a trade-mark name, the property 
of Union Carbide and Carbon Corporation. It 
designates an ether of ethylene glycol. 
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The most extensive publication upon the 
toxicity of butyl Cellosolve is the series of 
three papers by Werner and his associates. 
These workers compared the effects of in- 
halation of five glycol ethers. In single 
seven-hour inhalations by mice,? butyl Cello- 
solve was found to have an L. C.59 of 700 
ppm. Death resulted as late as the fourth 
week after inhalation. The usual sign of 
toxic action was dyspnea. Inhalation of near 
lethal concentrations resulted in hemoglobi- 
nuria. Changes were frequently seen in the 
spleen, occasionally in the liver, lungs, and 
kidneys. In rats inhaling 320 ppm seven 
hours a day, five days a week for five weeks, 
these workers * found only light reversible 
effects, characteristic of mild hemolytic an- 
emia. In dogs inhaling 400 ppm for 12 
weeks, they * found no indication of hemo- 
lytic action, little damage to bone marrow, 
and little micropathologic effect after 5 
weeks of rest. Hemoglobin, red blood cell 
count, and hematocrit were somewhat re- 
duced, and some hypochromia, polychroma- 
tophilia, and microcytosis were seen. Calcium 
oxalate crystals were present in the urine, 
and there was moderate retention of urea. 
It was concluded that butyl Cellosolve pro- 
duces in rodents hemolysis of red blood 
cells, with resulting circulation of immature 
forms, but that dogs are resistant to this 
action. Butyl Cellosolve was the most toxic 
of the five glycol ethers studied. However, 
a concentration about two-thirds of satura- 
tion was required to kill mice, and one-third 
of saturation inhaled repeatedly caused only 
mild reversible changes in rodents and dogs. 
The authors concluded that industrial han- 
dling of the solvent is no great hazard be- 
cause of its low volatility. 

On the basis of this experimental work a 
threshold limit of 200 ppm has been widely 
accepted. On the other hand Browning,® 
Patty,® and Elkins * have each proposed that 
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lower threshold limits would be more appro- 
priate, the lowest value suggested being 25 
ppm. 

In view of the increasing number and 
variety of applications for butyl Cellosolve, 
work was undertaken to throw more light 
upon the nature of its action and to form 
a better estimate of the tolerated concentra- 
tion. 


Demonstration of a Metabolite 


3utyl Cellosolve is not amenable to ready 
identification and estimation in body fluids. 
It is a reasonable postulate that this glycol 
ether is oxidized in the mammalian body to 
butoxyacetic acid. The development and use 
of the following analytical method verified 
this postulate. 
Reagents ——The reagents 

following : 
(1) Concentrated H:SO, 


used consisted of the 


(2) Ten per cent sodium tungstate, 100 gm. C. P. 
NazWO,4H:0 per liter distilled water 

(3) Van Slyke protein reagent * 

(4) Alcohol-ammonia chromatogram solvent, 99 
ml. 95% EtOH + 1 ml. NH,OH, sp. gr. 0.9 

(5) Indicator, 50 mg. bromophenol blue + 200 mg. 
citric acid in 100 ml. distilled water 

(6) NH,OH, sp. gr. 0.9 


Procedure—(a) Blood: The proteins of a 5 ml. 
sample of venous blood were precipitated with 
Van Slyke reagent. After filtration the filtrate or 
a suitable aliquot was extracted for 24 hours with 
ether. The ether extract was washed with 5 ml. 
NH,OH, and the alkaline solution was evaporated 
to dryness under an infrared lamp. The residue 
was taken up in 0.2 to 1.0 ml. distilled water, and 
10 \ portions were spotted on chromatogram paper. 
The development of the chromatogram and the esti- 
mation of butoxyacetic acid were carried out by 
the raethod described by Nair® with use of the 
chromatogram solvent. 

(b) Urine: One milliliter of the sodium tung- 
state solution was added to each twenty milliliters 
of the urine sample, and the mixture was then 
acidified with concentrated H.SO, against Congo 
red paper. After ether extraction the extract was 
washed with NH,OH several times. The alkaline 
washings were collected and diluted to 5-25 ml. in 
a volumetric flask, depending on the amount of 
urine sampled. 

Ten lambda aliquots were spotted on the paper 
along with known amounts of butoxyacetic acid as 
the ammonium salt and chromatographed. At the 
end of the run the indicator was sprayed on the 
paper, and an estimation of the amount of butoxy- 
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acetic acid in the urine extracts was made. Pre- 
liminary work indicated that the extraction of the 
butoxyacetic acid from urine was completed with 
seven changes of ether per volume of aqueous 
liquid. A 16-hour extraction in a_ liquid-liquid 
extractor met this condition sufficiently. 

The Re valuex100 of butoxyacetic acid under 
the conditions of the method is 55-59. The lower 
limit of detection is 25 y, and the upper limit to 
read conveniently is 500y. The aliquots of the 
alkaline wash spotted on the paper are adjusted to 
keep the quantity of acid within these limits. It is 
important that no more than 10. of solution at a 
time be applied to the paper at any one location. 
If necessary, repetitive applications, alternating 
with drying, may be employed to concentrate suf- 
ficient material on the paper for analysis. In the 
analysis of urine samples a large amount of ex- 
traneous material may show up on the paper as a 
long streak, but the upper limit of travel will be 
well below the butoxyacetic acid spot. 

The estimation of the amount of butoxyacetic 
acid in a spot on the paper is made by comparison 
with spots containing known amounts of butoxy- 
acetic acid run simultaneously. The circumference 
and depth of color are two general criteria em- 
ployed in making this comparison. At the present 
time there is no commercial densitometer capable 
of making quantitative measurements with this 
type of chromatogram. Consequently we are 
obliged to accept the inaccuracy of a visual com- 
parison. This unavoidable uncertainty reduces the 
quantitative significance of butoxyacetic acid esti- 
mates. 

For rigorous identification a large amount of 
urine was collected from rabbits inhaling 400 ppm 
butyl Cellosolve for four hours. By means of a 
silicic acid column” the metabolite was isolated - 
from the urine. The melting point of the p-phenyl- 
phenacyl ester of the isolated metabolite was not 
depressed upon the addition of the same ester 
synthesized from an authentic sample of butoxy- 
acetic acid.* 

Table 1 presents urinary butoxyacetic 
acid excretion by various animal species 
after inhalation of butyl Cellosolve. With 
the exception of the dogs, a correlation 
between the vapor concentration and bu- 
toxyacetic acid excretion is suggested. Con- 
current studies showed that most of the 
metabolite is excreted in 24 hours. 

We were unable to demonstrate butoxy- 
acetic acid in the blood of animals inhaling 
butyl Cellosolve. It was found, however, in 
the blood of rabbits four hours after an 


intravenously administered dose of butyl 


* References 11 and 12. 
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Cellosolve and in the urine collected during 
the 24 hours following the dose. Accord- 
ingly it is reasonable to suppose that it is 
present in the blood of animals inhaling the 
glycol ether but at a concentration too low 
for detection by the present method. 


TABLE 1.—Butoxyacetic Acid Found In 
Twenty-Four-Hour Urine Samples from 
Animals Inhaling Butyl Cellosolve 
Vapor for Four Hours 


Approx. Estimated 
Vapor Butoxy- 
Animals, Concentration, acetic 
No. Species Sex Acid, Mg 
1 Dog M 400 55 
1 Dog F 200 42 
1 Dog M 200 100 
6 Rabbits M 400 89-302 
2 Rabbits M 200 12-23 
27 Rats F 400 14* 
17 Rats F 200 ibe 
12 Rats F 100 = 
12 Guinea pigs M 200 5° 
12 Gumea pigs M 100 4° 


* Mean value per animal calculated by dividing total milli- 
grams in a pooled urine sample by the number of animals. 


Hemolytic Effects 

As early as 1938 this laboratory found 
that hemoglobinuria was evident in many 
rats dying after an oral dose of butyl Cello- 
solve. The report by Werner’s group * that 
rodents develop hemolytic anemia during in- 
halation dictated that hemolytic effects 
should be studied in animals absorbing the 
glycol ether. 

To determine whether the hemoglobinuria 
was produced by cellular destruction in the 
kidney or by in vivo hemolysis, eight female 
rats inhaled 432 ppm and were killed in 
pairs at two-hour intervals. Kidney sections 
were studied microscopically; intact erythro- 
cytes were sought in the urine, and hemin 
crystals were searched for by Teichmann’s 
method.'* Slight cloudy swelling of the 
kidney was seen after two hours, and path- 
ology had increased only to marked cloudy 
swelling of convoluted and loop tubules 
after eight hours. In vivo hemolysis was 
evident in two hours and severe after eight 
hours. Hemin crystals were found in the 
urine after four hours. Hemoglobinuria was 
evident in about three hours, but no intact 
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erythrocytes were found in the urine at any 
time. It was concluded that the hemoglobi- 
nuria was produced by in vivo hemolysis 
and that kidney injury was not responsible. 

During the repeated inhalation studies, 
described later, transient hemoglobinuria 
was observed in rodents. It was evident 
during the first few hours of inhalation and 
was not seen at all after the third day of 
inhalation. In a massive inhalation of 
vapors almost saturated at room tempera- 
ture, the urine of female rats became nearly 
black with hemoglobin. The blood hemo- 
globin concentration was halved by a seven- 
hour inhalation; the erythrocyte count was 
reduced even further, and the leucocyte 
count was raised to the same extent. 

In order to follow the course of in vivo hemo- 
lysis, a test of red blood cell osmotic fragility was 
used. A series of stock solutions of dried sodium 
chloride in double distilled water was prepared, 
differing in concentration by 0.02% from 0.26% 
to 0.52% and by 0.04% from 0.56% to 0.72%. 
One milliliter of each solution was placed in a 
separate clean 12 by 75 mm. test tube. One drop 
of whole blood was dispensed into each test tube 
from a 22 gauge hypodermic needle held at an 
angle of 45 deg. with the long bevel downward. 
Without delay the blood was thoroughly mixed 
with the saline by inverting each tube twice. The 
tubes were held at room temperature for two 
hours. Initial hemolysis was designated as the 
highest saline concentration in which the superna- 
tant liquid first acquired a discernible yellow-red 
hue, and complete hemolysis as the highest con- 
centration in which there was no visible layer of 
intact cells on the bottom of the tube while the 
liquid was a transparent deep-red color. 

Typical erythrocyte osmotic fragility val- 
ues for untreated rats are initial hemolysis 
in 0.48% saline and complete in 0.40%, 
written here as 0.48-0.40. The test is repro- 
ducible to within one tube in the concentra- 
tion series employed. 

Erythrocyte osmotic fragility values were 
followed on six female rats during nine 
daily seven-hour inhalations of 200 ppm 
butyl Cellosolve. Each day during inhala- 
tion fragility rose as high as 0.68-0.48 and 
returned to normal overnight. In a similar 
experiment, by the fourth day the erythro- 
cyte count had fallen by 50%, and the 
hemoglobin level by 25%. A five-day rest 
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period allowed some return toward normal; 
three additional days of inhalation de- 
pressed the values even lower, and eight 
days’ rest improved the values somewhat. 
This observation suggests that the transient 
hemoglobinuria results from destruction of 
the older or weaker erythrocytes and that 
they are promptly replaced from the bone 
marrow. 


After the majority of the more fragile 
erythrocytes have been initially eliminated 
from the circulation, it is believed that the 
destruction continues with each exposure but 
at a much less rapid rate. It is conceivable 
that physiological adjustments can be made 
in response to continued contact with butyl 
Cellosolve vapor, which result in the forma- 
tion of erythrocytes of greater resistance. 
Daily tests demonstrate that there is a re- 
peating pattern of a definite increase in 
fragility during exposure, followed by a 
decrease to normal values after overnight 
rest. In other words, the more fragile cells 
are eliminated from the circulation, and only 
normal cells remain the next morning. If 
this is true, then erythrocyte destruction 
may be insufficient to be evident as hemo- 
globinuria; yet it still may lead to hemo- 
lytic anemia when blood cell replacement 
can no longer keep pace with destruction. 

The in vitro response of various mammalian 
blood ceils to butyl Cellosolve and to the sodium 
salt of butoxyacetic acid was estimated. A series of 
12 by 77 mm. test tubes was filled with 1 ml. of 
2.5% butyl Cellosolve in 0.68% aqueous saline. 
After the solutions attained a temperature of 
37.5 C, one drop of blood was dispensed into each 
tube from a 22 gauge needle held at a 45 deg. 
angle with the long bevel downward. The butyl 
Cellosolve series and one control series of tubes 
were then clamped to a platform suspended 4% in. 
from the cross arm of a wrist-action shaker + 
which vibrated 340 times per minute. The tubes 
were shaken continuously at 37.5 C, with a maxi- 
mum vertical excursion of 0.8 cm. The second 
control series was allowed to incubate with no 
shaking. At from 10 to 25 
minutes, a tube from each series was centrifuged 
at 2500 rpm for 45 seconds in an International 
Clinical Centrifuge equipped with a head of 13 cm. 
mean centrifugal radius. This procedure was fol- 


intervals ranging 


+ Burrell Corporation, Pittsburgh. 
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lowed until hemolysis first appeared in the butyl 
Cellosolve tube but not in the two control tubes. 
Identical tests were also performed with solutions 
of 0.1% sodium butoxyacetate. 

We are aware that mechanical fragility 
of the erythrocyte plays a role in the results 
obtained with the above test in contrast to 
the osmotic fragility previously discussed. 
However, circulation of blood subjects 
erythrocytes to mechanical stress. There- 
fore, the arbitrary shaker test simulates to 
some extent the total stresses exerted upon 
an erythrocyte when the Cellosolves are 
present in the blood stream, and it affords 
an in vitro comparison between the response 
of mammalian erythrocytes to butyl Cello- 
solve and to one of its metabolites, butoxy- 
acetic acid. 

The results in Table 2 indicate that under 
the conditions of the experiment sodium 
butoxyacetate is considerably more hemo- 
lytic than butyl Cellosolve. The in vivo 
response of erythrocytes to butyl Cellosolve 
is more closely correlated to the in vitro re- 
sponse to sodium butoxyacetate than to the 
in vitro response to butyl Cellosolve. This 
suggests that butoxyacetic acid is more 
directly responsible for in vivo erythrocyte 
fragility or hemolysis than is butyl Cello- 
solve. Unfortunately we have been unable 
to determine butyl Cellosolve in either blood 
or urine because of the lack of a suitable 
analytical technique. 


In Vivo Hemolytic Effects of 
Some Homologues 

The considerable hemolytic effect follow- 
ing inhalation of butyl Cellosolve by the rat 
led to a study of the hemolytic properties 
of its homologues. Groups of six female 
rats were exposed to various concentrations 
of vapors, and the erythrocyte osmotic fra- 
gility test was performed immediately after 
a four-hour exposure. The means of the 
initial hemolysis values were compared with 
preexposure means by the use of the f-test 
and a fiducial limit of p=0.05. The results 
in Table 3 show that butyl Cellosolve is not 
unique in its hemolytic properties toward 
the rat erythrocyte. 
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TABLE 2.—In Vitro and In Vivo Response of Mammalian Erythrocytes to 
Butyl Cellosolve and to Sodium Butoxyacetate 
In Vitro ee In Vivo Response 
2.5% Butyl 0.1% Na 
Cellosolve Butoxyacetate 
| Max. Time | Min. Time | Max. Time | Min. Time | Osmotic Fragility upon | Hemoglobinuria upon 
Without to Without to | Inhalation of Butyl Inhalation of Butyl 
Animals, Sex | Hemolysis, | Hemolysis, | Hemolysis, Hemolysis, Cellosolve Cellosolve 
No. Species Min. | Min. Min. | Min. | 
2 Rats F 46 | 60-67 | | | Significant increase at | Seen at 203 ppm X7 hr. 
3 Rats M 35-40 | 40-60 62 ppmX4 hr. | but not at 107 ppmx7 
2 Rats | F | 35-40 40-46 | | hr. 
2 Mice i M | 25-30 35-40 | Significant increase at } Seen at 200 ppm but not 
2 Mice M | | 40-45 50-60 | least as low as 100 | at 100 ppm X7 hr. 
1 Mouse F | | | 45 55 ppm X7 hr. | 
2 Rabbits M 110-113 | 123-125 Significant increase at | Not seen as high as 197 
4 Rabbits M } | 60-90 80-100 125 ppm X7 hr. ppm X7 hr. 
2 Rabbits F | 80-90 85-100 
1 Monkey | F 120 | 130 No significant increase | Not seen as — as 200 
1 Monkey M 103 120 at 200 ppm X7 hr.t | ppm X7 hr 
2 Dogs F 20 | 40-86 | No significant increase | Not seen as high as 665 
2 Dogs F | 89-120 | at 665 ppm X7 hr.X2 ppm X7 hr 
| | | dayst 
1 Human F | 80 | 100 | No significant increase a seen at 200 ppmxX8 
2Humans | M 60-83 | 80-04 |__at 200 ppmXs hr.t 
2 Guinea pigs) M | 60-68 sO | | No significant increase | Not seen at 665 ppmX8 
2 Guinea bigs| M | 360 at 665 ppm X8 hr.t | hr. 


* These tests measured at least in part the mechanical fragility of the erythrocytes. 
+ These concentrations were the highest studied with these species. 


TasBLeE 3.—Comparison of the Effects of the 
Four-Hour Inhalation of Butyl Cellosolve 
Some Homologues on the Osmotic 

Fragilities of the Erythrocytes of 

Groups of Six Female Rats 


and 


Lowest Highest 
Concentration Concentration 

Causing Causing 
Significant No 

Chemical Fragility, Fragility, 
Ppm Ppm 
Methyl 2000 1000 
Propyl C ellosolve_.......------- 62 32 
Isopropy! 62 32 
Butyl Cellosolve_..............- 62 32 
Butyl ethy! Cellosolv 125 62 
Diethyl Cellosolve_- 2000 1000 
Methy] Cellosolve acetate..__- 32 16 
Cellosolve acetate. 62 32 
Vinyl] butyl Cellosolve .....-__- 32 16 


Heptyl-3 
2-Ethylhexyl] Cellosolve 
Nonyl Cellosolve.. 
Phenyl 


* Concentrations approached saturation at room temperature. 


Quantitative Toxicity 


Acute Oral Toxicity—The Cellosolves 
used in these studies represent commercial 
material sold under the trade-mark name 
during the year the work was done. Wistar 
rats were used exclusively until 1942, and 


118 


Sherman from then until June of 1952 
when Carworth-Wistar found favor. All 
three lines have a like order of acute oral 
dose response to certain chemicals chosen 
for comparison. The acute oral test is a 
standardized procedure making use of non- 
fasted rats, 5 to 6 weeks of age and 90 to 
120 gm. in weight, dosed at levels differing 
by a factor of 1.26 or 2.0 in a geometric 
series. The Sherman and Carworth rats 
were reared in our own colony and main- 
tained from time of weaning on Rockland 
rat diet (complete). The earlier Wistar 
stock was always procured from commercial 
breeders. Weil’s '* tables for calculating the 
median-effective dose (L. D.59) were used. 
In this paper L. D.59 refers to the statis- 
tically computed, most probable dosage level 
that will result in the death of 50% of the 
species dosed within a 14-day observation 
period. Any deviation from the procedure 
is noted in tabulation or text. Table 4 is 
a chronological listing of the acute oral tox- 
icity results for three Cellosolves. 


Rabbits have an oral L. D.59 of 0.32 gm/ 
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TABLE 4.—Single Oral Dose of L. D.s’s of Cellosolves 


Weight, 
Gm. 


Species 


1 Ml.=Gm. in Water 


L. and Range 


1938 Rat M 90-120 
1938 Guinea pig M+F 200-300 
1940 Rabbit M 1500-3000 
1951 Rat M 120 
1951 Rat F 90-120 
1952 Rat M 90-120 
1952 Rat F 90-120 
1953 Mouse M 20-30 
1953 Rat M 90-120 
1954 Rat F 90-120 
1954 Rat M 30-60 
1954 Rat F 30-60 
1954 Rat M 335-460 
1954 Rat F 260-320 
1954 Rat M 90-120 
1954 Rat F 90-120 
1955 Rat M 90-120 
1955 Rabbit M 2700-3200 
1941 Guinea pig M+F 200-300 
1944 Rabbit M 2000-3000 
1952-55 Rat M 90-120 
1953-54 Rat F 90-120 
1938 Rabbit M 2000-3000 
1938 Guinea pig M+F 200-300 
1952-55 Rat M 90-120 
1954 Rat F 90-120 
Rat F 90-120 


Butyl Cellosolve 
0.10 


1.48 (1.15 to 1.91) gm./kg. 


0.10 1.20 (0.96 to 1.50) gm./kg. 
0.20 0.37 gm./kg. 
0.10 2.6 (2.3 to 2.9) gm./kg. 
0.10 2.3 (1.9 to 2.8) gm./kg. 
0.05 2.8 (2.4 to 3.3) gm./keg. 
0.05 1.6 (1.2 to 2.1) gm./Kg. 
0.10 1.23 (094 to 1.62) gm./kg. 
0.05 1.9 (1.3 to 2.6) gm./kg. 
0.05 1.6 (1.4 to 1.9) gm./kg. 
0.05 3.0 (2.6 to 3.4) gm./kg. 
0.05 2.3 (2.1 to 2.6) gm./kg. 
0.05 0.56 gm./kg. 
0.05 0.53 (0.38 to 0.75) gm./kg. 
0.05 2.4 (2.1 to 2.7) gm./Kg. 
Undiluted 2.8 (2.2 to 3.7) ml./kg. 
0.05 2.1 (1.4 to 3.1) gm./kg. 
0.05 0.32 (0.24 to 0.43) gm./kg. 


Methyl Cellosolve 
0.10 0.95 (0.84 to 1.08) gm./kg. 
0.89 (0.65 to 1.23) gm./kg. 
3.25 gm./kg. mean of 4 assays 
3.4 gm./kg. mean of 2 assays 


0.25 
0.10 
0.10 


Cellosolve 
0.20 


gm./kg. 

5.0 gm./kg. mean of 4 assays 
(4.9 to 5.9) gm./kg. 

(5.4 to 6.4) ml./kg. 


3.1 
0.10 1.4 
0.10 5 
0.10 
Undiluted 


kg. and are the most sensitive to butyl Cello- 
solve of the species tested. Mice and guinea 
pigs follow with a value of 1.2 gm/kg. 
Young rats are four to five times more 
resistant to single oral doses than are one- 
year-old adults, as evidenced by L. D.50 
values of 3.0, 2.4, and 0.56 gm/kg. for 
male weanlings, 6-week-olds, and yearlings, 
respectively. When given undiluted, instead 
of as a 5%, 10%, or 20% solution in water, 
the 1954 L. D.s9 value of 2.8 ml/kg. (2.5 
gm/kg.) for females is almost identical 
with the 2.4 gm/kg. mean value for the 
males. 

Sluggishness, ruffling of coats, prostra- 
tion, and narcosis followed ‘the administra- 
tion of dosages at or above the L. D.50. 
Autopsies performed on rats that died re- 
vealed congested or hemorrhaged lungs, 
mottled livers, severely congested kidneys, 
and hemoglobinuria. The latter symptom is 
seen in males on the 3.0 gm/kg. level but 
in females on levels as low as 1.5 gm/kg. 
Early death is attributed to narcotic effect, 
and delayed death to lung and kidney dam- 
age. 

For comparison, the means of several 
closely agreeing, single oral dose rat assays 


on methyl Cellosolve and Cellosolve are 
given. Inspection of Table 4 will show the 
order of decreasing acute oral toxicity to 
be butyl Cellosolve, methyl Cellosolve, and 
Cellosolve, with L. D.50’s of 2.5, 3.4, and 
5.5 gm/kg. The guinea pig is not as dis- 
criminating as the rat, as values of 1.2, 0.95, 
and 1.4 gm/kg. for the three compounds in 
like order indicate. Rabbits follow the rat 
order with L. D.s0’s of 0.32, 0.89, and 3.1 
gm/kg. 

Repeated Feeding—Five randomly dis- 
tributed groups of five male and five female 
Sherman rats, about 6 weeks of age and 
weighing between 100 and 150 gm., were 
fed Food Research Laboratory Diet 2-C in 
which was incorporated 2.0%, 0.5%, 
0.125%, 0.03%, and 0.0% butyl Cellosolve. 
The latter group served as the control. The 
diet consisted of 60 parts of freshly ground 
whole wheat, 30.5 parts of dried whole milk, 
1.5 parts of dried liver extract U.S.P., 5 
parts of Type 50-B inactive dried brewer’s 
yeast, 2 parts of iodized salt, and 1 part of 
calcium carbonate. Statistical evaluation of 
the several criteria of response was made. 

The 90-day feeding resulted in butyl 
Cellosolve intakes of 1.54, 0.31, 0.076, 
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0.018, and 0.0 gm/kg/day for the respective 
concentration groups. There were no deaths 
attributable directly to toxic action of the 
compound. The fact that rats survived 1.54 
gm/kg/day means that their intake was 
about three-fifths of an L. D.s0 per day, or 
actually 54 L. D.s59’s in 90 days. In each 
fatality lung infection was found attended 
by kidney and liver pathology, such as is 
coincident with death caused by pneumonia 
in the rat. Appetite was not affected, and 
no pertinent micropathology was discovered. 
Blood was not found in pooled urine sam- 
ples from the 2.0%, 0.5%, and control 
groups after three and six days on the diet 
either by the benzidine test or by spectro- 
photometric measurement for hemoglobin 
pigments. However, the mean weight gain 
of the surviving rats was significantly de- 
pressed below that of the control group in 
the 2.0% concentration group. Liver weight 
as percentage of body weight was signifi- 
cantly increased at both the 2.0% and 0.5% 
levels, and kidney weight at the 2.0% level. 

The highest level where significant devia- 
tion from the control was within the usually 
accepted range of variation, and hence not 
chargeable to treatment, lies between 0.5% 


TaBLe 5.—L. D.s’s of Cellosolves and 


and 0.125% in the diet or between 0.31 
and 0.076 gm/kg/day or at an intake be- 
tween 4 and 1/32 of the L. D.so per day. 

Parenteral Injection —Undiluted butyl 
Cellosolve causes hemolysis of rat erythro- 
cytes, as do all concentrations above 3% 
in 0.75% NaCl solutions. Tail vein injec- 
tion of rats resulted in an L. D.s9 of 0.38 
gm/kg. for a 3% solution in 0.75% NaCl 
and 0.34 ml/kg. for undiluted compound. 
Mice were more tolerant as shown by an 
L. D.so of 1.1 gm/kg. for the 3% solution. 
$y ear vein in rabbits the L. D.59 for the 
3% solution was 0.50 gm/kg. and for the 
undiluted material 0.28 ml/kg. 

Methyl Cellosolve is hemolytic to rat 
erythrocytes in vitro in concentrations above 
25% in 0.75% NaCl, and Cellosolve is 
hemolytic above a concentration of 18°. 
The comparative intravenous L. D.59’s for 
rats in the dilutions mentioned are 2.7 gm/ 
kg. for methyl and 3.3 for Cellosolve, and 
for the undiluted compounds 2.2 (mean of 
two tests) and 2.4 ml/kg. 

The L. 
injection of the undiluted compound in rats 
are as follows: butyl, 0.55; methyl, 2.5, and 
Cellosolve, 2.14 ml/kg. 


values by intraperitoneal 


In rats, therefore, 


of Sodium Butoxyacetate by Injection 


Weight, Concentration, 
Year Species Sex — Gm. 1 Ml.=Gm. L. D.so and Range 
Butyl Cellosolve 
(Intravenous) 
1951 Rabbit M 2500-3000 0.03 in 0.75% NaCl 0.50 (0.38 to 0.65) gm./kg. 
1951 Rat F 170-230 0.03 in 0.75% NaCl 0.38 (0.29 to 0.50) gm./kg. 
1953 Mouse M+F 15-35 0.03 in 0.75% NaCl 1.13 gm./kg. 
1954 Rat F 90-120 Undiluted 0.34 (0.30 to 0.38) ml./kg. 
1955 Rabbit M 2500-3000 Undiluted 0.28 ml./kg. 
(Intraperitoneal) 
1952 Rat , 90-120 Undiluted 0.55 (0.32 to 0.94) ml./kg. 
Methyl Cellosolve 
(Intravenous) 
1953 Rat 90-120 0.25 in 6.75% NaCl 2.70 (1.94 to 3.77) gm./kg. 
1954 Rat F 90-120 Undiluted 2.14 (1.54 to 2.99) ml./kg. 
1954 Rat 90-120 Undiluted 2.30 (1.87 to 2.83) ml./kg. 
(Intraperitoneal) 
1954 Rat F 90-120 Undiluted 2.46 (1.88 to 3.23) ml./kg. 
. Cellosolve 
(Intravenous) 
1953 Rat F 90-120 0.18 in 0.75% NaCl 3.25 (2.48 to 4.26) gm./kg. 
1954 “ Rat F 90-120 Undiluted 2.38 (1.92 to 2.97) ml./kg. 
(Intraperitoneal) 
1955 Rat F 90-120 Undiluted 2.14 (1.54 to 2.99) ml./kg. 
Sodium Butoxyacetate 
(Intravenous) 
1954 Rat F 90-120 0.03 in 0.75% NaCl 0.78 (0.59 to 1.02) gm./kg. 
120 


¢ 


the Cellosolves fall in the same order of 
decreasing toxicity by the parenteral and 
oral routes. Sodium butoxyacetate with an 
L. D.s59 of 0.78 is included in Table 5 
because it is a demonstrable metabolite of 
butyl Cellosolve. 

Skin Penetration.—Male albino New Zea- 
land strain rabbits, 3 to 5 months of age, 
were immobilized during a 24-hour skin 
contact period. Thereafter, the Vinylite 
sheeting used to retain the dose in contact 
with the clipped skin of the trunk was re- 
moved, and the animals were caged for the 
remainder of the 14-day total observation 
period. The rabbits were procured locally 
and maintained on Rockland rabbit ration. 
Weil's tables for calculating the L. D.50’s 
were used. Table 6 presents the results. 
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TABLE 6.—Skin Penetration Toxicity of Cellosolves 


all had hemoglobinuria. Similarly, in 1951, 
four of six rabbits succumbed when dosed 
at 0.56 ml/kg. 

For comparison, the rabbit skin penetra- 
tion L. D.59 for methyl Cellosolve is 1.3 
ml/kg. and for Cellosolve, 3.6 ml/kg. By 
simple inunction the L. D.59 of Cellosolve is 
16.3 ml/kg. In effect this means that rabbits 
can tolerate four times as much Cellosolve 
when it is gently rubbed into the uncovered 
skin in one application as they can when the 
compound contacts the skin under an im- 
pervious sheeting for 24 hours. The same 
relationship holds for butyl Cellosolve, as 
it has an L. D.59 of 2.0 ml/kg. by inunction 
and about 0.45 ml/kg. under impervious 
sheeting. 

Rapidity of skin penetration in rabbits 


L. and Range 


Concentration (14-day Observation Period) 


0.56 (0.48 to 0.64) ml./kg. 
0.56 ml./kg. killed 10/10 
Undiluted 0.56 ml./kg. killed 3/6 
Undiluted 0.56 ml./kg. killed 4/6 
Undiluted 0.5 mil./kg. killed 6/8 
Undiluted 0.5 mi./kg. killed 5/8* 
Unailuted 0.45 (0.25 to 0.82) ml./kg. 
Undilutedt 2.0 mi./kg. killed 2 of 4 


Undiluted 


Methyl! Cellosolve 


Weight, 

Year Species Sex Kg. 

1946, Rabbit M 2.0 to 3.0 
1947 Rabbit M 2.7 to 3.7 
1948 Rabbit M 2.0 to 3.0 
1951 Rabbit M 2.5 to 3.0 
1954 Rabbit M 2.5 to 3.0 
1954 Rabbit M 2.5 to 3.0 
1955 Rabbit M 2.5 to 3.0 
1955 Rabbit M 2.7 to 3.2 
1944 Rabbit M 2.5 to 3.0 
1944 Rabbit M 2.3 to 3.3 
1944 Rabbit M 2.3 to 3.3 


Cellosolve 


Undiluted 1.34 (1.26 to 1.43) ml./kg. 


Undiluted 
Undilutedt 


3.56 (2.24 to 5.66) ml./kg. 
16.3 (13.2 to 20.2) ml./kg. 


* Contact period, 4 hours; all others, 24 hours. 
t Uncovered, rubbed into skin by gentle massage. 


The L. D.s59 for rabbits by skin penetra- 
tion of undiluted butyl Cellosolve as deter- 
mined in 1945 was 0.56 and in 1955, 0.45 
ml/kg. Extreme congestion of the kidney, 
hemoglobinuria, pale liver, and engorged 
spleen were noted upon autopsy of the 
rabbits that succumbed. 

In 1947, 10 rabbits were dosed at the 
L. D.so (0.56 ml/kg.), and they all died 
within 48 hours of the application. These 
rabbits weighed about 3.0 kg. and were 
procured from Rockland Farms. Hemo- 
globinuria was a common finding. Again 
in 1948 butyl Cellosolve was applied to six 
rabbits from our regular local supplier; 
three of the six survived 0.55 ml/kg., but 


is demonstrated by the fact that a 4-hour 
and a 24-hour application of 0.5 ml/kg. of 
butyl Cellosolve under impervious sheeting 
produced comparable mortality ratios, name- 
ly, 5 of 8 and 6 of 8. 

Increased erythrocyte osmotic fragility of 
rabbit blood one hour after a three-minute 
skin contact period with 0.56 ml/kg. butyl 
Cellosolve on 4.5% of skin area graphically 
demonstrates passage through the skin. 

Range-Finding Inhalations. Many of 
these data collected on inhalation toxicity 
were to guide the selection of concentration 
levels for repeated inhalation tests. Known 
concentrations were obtained by the meth- 
ods described in the next section. The early 
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static exposures were made in an apparatus 
that recirculated air at room temperature 
over a wick saturated with the chemical dur- 
ing the entire period. 

The concentrated vapor results of 1951 
were achieved by passing air at 2.5 liters 
per minute through a fritted glass disc im- 


tion at room temperature would approach 
1000 ppm for butyl Cellosolve, 5000 for 
Cellosolve, and 8000 for methyl Cellosolve. 
Concentrated vapor, as prepared, would be 
expected to approach saturation. 

Repeated Inhalation Methods.—Inhala- 
tion by rats, guinea pigs, mice, dogs, and 


TABLE 7.—Range-Finding Inhalation Studies on Cellosolves 


2 No. Hemo- 
Weight, Concentration, Exposures Mortality globin- 
Year Species Gm. Sex x Hr. Ratio uria 
Butyl Cellosolve 
1940 Rat 70-95 M C.V. Recirculator 1x9 4/6 
1940 Rat 75-85 M C.V. Recirculator 1x4 2/6 
1940 Rat 88-106 M C.V. Recirculator 1X2 0/6 
1942 Guinea pig 300- M+F C.V. 1x4 1/6 0 
1951 Rat 120-140 F C.V. 1X8 1/6 + 
1951 Rat 120-150 F C.V. 1X8 0/6 oe 
1951 Rat 120-130 F 800 1X8 3/6 > 
1951 Rat 120-130 F 800 1x4 0/6 
1951 Rat 100-120 F 500 1x8 0/6 + 
1951 Rat 120-130 F 500 1x4 1/6 + 
1951 Rat 120-160 M 500 2x8 3/6 + 
1951 Rat 140-160 F 250 4X8 1/5 + 
1951 Rat 92-104 F 250 6X8 0/6 + 
1951 Rat 88-98 F 125 6x8 0/6 0 
1952 Rat 380-500 M 375 1X7 11/13 > 
1952 Rat 250-330 F 375 1X7 23/23 + 
Methy! Cellosolve 
1944 Rat 115-160 M 2000 1x8 6/6 
1944 Rat 120-140 M 2000 1x4 1/5 
1944 Rat 125-150 M 2000 1X2 0/6 
1952 Rat 150-175 M C.V. 1x4 2/6 + 
1952 Rat 120-140 M 8000 1x4 4/6 
1952 Rat 125-160 M 4000 1x4 1/6 
Cellosolve 
1945 Rat 90-130 M+F 4000 1x8 6/6 
1945 Rat 85-105 M 4000 1x4 3/6 
1945 Rat 125-160 M+F 2000 1x8 3/6 
1945 Rat 95-115 M+F 2000 1x4 0/6 
1952 Rat 130-240 M+F o.v. 1X8 10/12 + 
1952 Rat 120-185 M+F c.V. 1x4 1/12 


C.V.—“Concentrated” vapor generated at room temperature. 


mersed in 50 ml. of the liquid held at room 
temperature. Judging by mortalities after 
eight hours, the concentrated vapor was 
somewhat less than 800 ppm butyl Cello- 
solve. Furthermore, it is again apparent 
that one-year-old rats are more susceptible 
than young, actively growing rats, as was 
the case with single oral doses. At 375 ppm 
the adults died after seven hours, while the 
6-week-old rats survived eight hours at 500 
ppm. The repeated exposures, 8 hours per 
day, served to predict that rats would not 
tolerate 250 ppm for 90 days. 

Table 7 lists the results. Methyl Cello- 
solve and Cellosolve are not drastically dif- 
ferent from each other in single inhalation; 
both are less toxic than butyl Cellosolve. 
The vapor pressures are such that satura- 
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monkeys took place in chambers ranging in 
capacity from 200 to 7900 liters (a 6% ft. 
cube). Solvent was delivered at a constant 
rate by means of a displacement-type pro- 
portioning pump, originally described by 
Irish and Adams,” or by a motor-driven 
syringe into an electrically heated tubular 
Pyrex evaporator, such as described by 
Carpenter and co-workers.'® The resulting 
vapor-air mixtures were conducted to the 
chambers under slight negative pressure at 
a rate to provide a theoretical turnover of 
chamber air every three to five minutes. 
Food and water were withheld from all 
animals during seven-hour exposure periods 
five days each week. Rats and mice were 
maintained on Rockland rat diet (com- 


4 
= 


plete),f guinea pigs on Rockland rabbit 
ration supplemented with kale, dogs on 
Friskies meal,§ and monkeys on Okatie 
Farms || diet. The rodents had food and 
water ad libitum when not inhaling vapor, 
and the large animals were fed once daily. 

Healthy animals whose weights differed 
less than two standard deviations from the 
group mean were distributed at random 
among the exposure and control groups. 
Control groups were carried each time for 
rodents but not for the dog and monkey 
exposures because of limitations on housing 
space. 

All animals were weighed weekly and at 
the completion of the study. The livers and 
kidneys of the rodents were removed and 
weighed after disposition of the animals by 
section of the cervical cord and suspension 
by the tail for approximately five minutes. 
Dogs and monkeys received an overdose of 
sodium pentobarbital intravenously. Por- 
tions of the following tissues of dogs and 
monkeys were taken for histological exam- 
ination: adrenals; appendix vermiformis; 
gall bladder; gonad; heart; intestine; kid- 
neys; liver; lung; pancreas; spleen; stom- 
ach; thyroid; urinary bladder; uterus, and 
any other abnormal tissue. Usually only the 
liver, lung, and kidney of the rodents were 
studied. 

Erythrocyte and leucocyte counts, hemo- 
globin levels, erythrocyte osmotic fragility, 
and hematocrit values were followed on the 
dogs and monkeys, using blood taken 
immediately upon removal from exposure. 
Sulfobromophthalein sodium (Bromsulpha- 
lein) retention time, sedimentation rate, 
icterus index, blood urea nitrogen, and 
plasma fibrinogen levels were measured by 
conventional methods. When _ high-level 
groups yielded negative results, the tests 
were omitted at lower exposure levels. An 
erythrocyte permeability test by the method 
of Boatman and Moses '* was performed 
once on the dogs exposed at the 200 ppm 


t Rockland diets are prepared by the Arcady 
Farms Milling Co., Chicago. 

§ Friskies meal is a product of Albers Milling 
Co., Kansas City, Mo. 
|| Okatie Farms, Pritchardville, S. C. 
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level. Erythrocyte osmotic fragility tests 
were performed on some of the smaller 
animals. 

The concentrations of butyl Cellosolve vapor in 
the exposure chambers were checked four times 
daily with a portable 50 cm. Zeiss interferometer. 
The instrument was calibrated against a bichromate 
oxidation method, adapted from the procedure de- 
scribed by Werner and Mitchell™®; 5 ml. 0.33 N 
K:CrsO; and 5 ml. concentrated H:SO,, sp. gr. 
1.84, were added to a 2 liter Florence flask fitted 
with a 29/42 standard taper female joint and 
stoppered with a matching male joint sealed to a 
stopcock. The flask was evacuated to a pres- 
sure such that approximately a liter of the ex- 
posure atmosphere would be sampled when the 
stopcock was opened. For use, the stopcock was 
attached to a sampling tube placed centrally in the 
exposure chamber and opened until the flask pres- 
sure returned to atmospheric. A sample of the 
exposure atmosphere was read simultaneously in 
the interferometer. The flask was shaken for 
15 minutes on a wrist-action shaker, heated on a 
steam bath for 90 +5 minutes, cooled, and then 
250-300 ml. distilled HzO and 3 gm. KI were 
added. The contents were titrated with 0.05 N 
NaeS:O; with the addition of 4 ml. of 1% starch 
solution near the end-point. A blank determina- 
tion was made on room air. Burette readings were 
converted to parts per million by means of the 
following equations : 

mg. butyl Cellosolve/liter air = 
(ml. NasS20s blank — ml. NaeS.0; sample) x 0.227 

liters of air sample 

ppm butyl Cellosolve = mg./l. x 206.9 

Repeated Inhalations by Rats and Guinea 
Pigs: Groups of rats and guinea pigs in- 
haled various concentrations of butyl Cello- 
solve 7 hours a day, five days a week for 
a total of 30 days. The initial weight of 
the Sherman rats was between 140 and 190 
gm., and the guinea pigs weighed 435 to 
580 gm. 

Table 8 summarizes the results. The most 
notable finding was the greater susceptibility 
of female rats at 432 ppm. The 15 females 
died within three days, while 3 males sur- 
vived 30 inhalations. 

Gross pathology in the rats consisted of 
congestion and hemorrhage of the lungs 
and congestion of most of the abdominal 
viscera. Histological examination confirmed 
the gross findings and revealed cloudy 
swelling of the liver. Hemoglobinuria was 
observed in most of the rats at the 432 and 
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TABLE 8.—Response of Rats and Guinea Pigs to Inhalation of Butyl Cellosolve Vapor 
For Thirty Exposures, Seven Hours per Day, Five Days per Week 


Animals, Concentration, Mortality Body Kidney Liver Gross Micro- Erythrocyte Hemoglo- 
No. Ppm Mean Ratio Wt. Wt. Wt. Pathology pathology Fragility* binuria 

Rats 
15 (F) 432 15/15 - + + 
15 (M) 432 12/15 + + + 
15 (F) 314 15/15 - - - + + + + 
15 (M) 203 0/15 N 0 > 0 0 + + 
14 (F) 203 0/14 N 0 > 0 0 + + 
14 (M) 107 /i4 N > > 0 0 + 0 
15 (F) 107 0/15 N > > 0 0 + 0 
15 (M) 54 0/15 N N N 0 0 + 0 
15 (F) 54 0/15 N N N 0 0 + 0 
Guinea pigs 
10 (M) 44 2/10 N > N + + 0 0 
10 (M) 37 1/10 < > N + + 0 0 
10 (M) 203 0/10 N = N 0 0 0 0 
10 (M) 107 0/10 N N N 0 0 0 
10 (M) 54 0/10 N N N 0 0 0 0 


N Values not statistically different from controls (p is equal to or>0.05). 


> Values statistically higher than controls (p<0.05). 
< Values statistically lower than controls (p<0.05). 
+ Substance or response present. 

© Substance or response absent. 

Test not performed. 


314 ppm levels, but in only 1 of 15 males 
and 10 of 15 females subjected to 203 ppm. 
This condition was not observed in the 
surviving animals after the second day of 
exposure. Erythrocyte osmotic fragility, 
proportional to the vapor concentration, was 
found in rats immediately after a seven- 
hour inhalation of 107 ppm or any higher 
concentration, and after some of a series of 
30 inhalations of 54 ppm, with values for 
females usually exceeding the males. In 
almost every case these high fragility values 
returned to normal after overnight rest. 

There were statistically significant 
findings as regards mortality, body weight 
change, or tissue damage in the rats exposed 
at the 203, 107, and 54 ppm levels 7 hours 
per day for 30 days. However, significant 
increases in kidney and liver weights as 
percentage of body weight were observed 
in the rats at 203 and 107 ppm levels. The 
highest concentration level where deviation 
from the control is within the usually ac- 
cepted range of variation, and therefore not 
related to exposure, is between 54 and 107 
ppm. Guinea pigs were more refractory. 
The only criterion of response which dif- 
fered significantly from the controls at the 
203 ppm level was an increase in kidney 
weight as percentage of body weight. To 
characterize more completely the response 
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hese values obtained from extra animals not included in the mortality ratios. 


of guinea pigs, groups of 10 males were 
exposed 30 days to 494 and 376 ppm. In 
addition, groups of six males and six fe- 
males were exposed at these levels to detect 
any sex difference in susceptibility. The 
mean weights of the males varied from 435 
to 580 gm., and the females from 351 to 
369 gm. 

Significant tissue damage, which con- 
sisted of lung congestion and cloudy swell- 
ing of the convoluted and loop tubules of 
the kidnevs, was found only in the two 
fatalitics at 494 ppm and the one at 376 
ppm. The mean weights of both groups of 
animals fell slightly by the third exposure, 
but only at the 376 ppm level were they 
significantly below the controls after 30 ex- 
posures. A significant elevation in kidney 
weight as percentage of body weight oc- 
curred in both groups. The mixed groups 
showed essentially the same mortality ratios 
as did the all-male groups and evidenced no 
significant difference in sex response. The 
above data indicate that guinea pigs tolerate 
a concentration below 203 ppm but above 
107 ppm butyl Cellosolve. The latter con- 
centration was without statistically signifi- 
cant deviation from controls in any of the 
criteria of toxic response followed in this 
study. 

Repeated Inhalation by Mice: Groups 
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of 10 mature male C3H mice, obtained from 
the Shalom Research Farms, Mars, Pa., 
were exposed without controls to 494 and 
376 ppm butyl Cellosolve for 30 days, with 
resultant mortality ratios of 7/10 and 2/10. 

For more definitive data, groups of 70 
male mice were exposed to metered concen- 
trations of 400, 200, and 100 ppm. Serial 
examinations were made on 15 mice from 
each group after 30 and 60 exposures, on 
10 more after 90 exposures, and on groups 
of 11 to 16 after 90 exposures followed by 
a 42-day rest period. Ten mice from each 
group were used for serial determination of 
erythrocyte osmotic fragility on blood ob- 
tained by section of the cervical vessels and 
cord. Table 9 lists the results. 

Statistically significant alteration of liver 
weights occurred in the mice exposed to 400 
ppm for 30, 60, and 90 days but not in 


Animals, Concentration, Exp. Mortality Body Kidney 
No. Ppm Days Ratio Wt. Wt. 
15 11244 30 0/15 N N 
15 11145 60 0/15 N N 
10 11245 w 0/10 N N 
16 11245 0/16 N N 
15 20344 30 0/15 N N 
15 200+6 60 0/15 N N 
10 21+6 90 0/10 N N 
4 90° 0/10 N N 
15 396410 30 0/15 N N 
1h 399+9 60 0/15 < N 
10 40149 90 0/10 N N 

40149 N N 


* Plus 42 days rest before examination. 
N Values not statistically different from controls (p>0.05). 
> Values statistically higher than controls. 

< Values statistically lower than controls. 

+ Substance or response present. 

0 Substance or response absent. 

those rested 42 days after 90 exposures. 
Why liver weights were increased after 60 
days but not after 30 or 90 days at 200 ppm 
is not-understood. No significant mortality 
or gross pathology was observed. Histolog- 
ical examination of kidneys from 80 mice 
from various exposure levels revealed no 
significant tissue changes. 

Table 10 shows that the number of mice 
which had bloody urine immediately after 
exposure was proportional to the vapor con- 
centration. No hemoglobinuria was found 


TOXICITY OF BUTYL CELLOSOLVE SOLVENT 


Taste 9.—Response of Male Mice to Repeated Seven-Hour Inhalations 
of Butyl Cellosolve Vapor 


after the third but increased 
erythrocyte osmotic fragility occurred at all 


concentrations. 


exposure, 


The increase appeared to 
be as great after the first exposure as it 
was after the 89th exposure, and in all in- 
stances was normal after a 17-hour rest. 
The response of mice and guinea pigs at 
400 ppm for 30 days was similar, but the 
former are much more sensitive from the 
standpoint of osmotic fragility. 

Repeated Inhalation by Dogs: A female 
mongrel dog inhaling 617 ppm butyl Cello- 
solve died after a total of 13% hours of 
exposure during two days. Emesis and ex- 
treme weakness were observed on both days. 
Autopsy revealed moderate congestion of 
the kidneys and lungs but no hemoglobi- 
nuria. Findings of this sort would be ex- 
pected following a narcotic death. Death 
occurred so quickly that there was no oppor- 


Liver Gross Micro- Erythrocyte Hemoglo- 
Wt. Pathology pathology Fragility binuria 

N 0 0 na 0 

N 0 0 oe 0 

N 0 0 a 0 

N 0 0 0 0 

N 0 0 + 

N 0 0 + + 

N 0 0 0 0 

< + 

> + 

> + 

N 0 


tunity to repeat preexposure blood chem- 
istry and hematological tests. 

A male and a female basenji hybrid in- 
haled 385 ppm _ repeatedly. Hematological 
tests were performed daily on both dogs, 
with blood chemistry on the male after 26 
and 27 exposures. Analysis of the urine of 
the male for possible butoxyacetic acid ex- 
cretion was performed after the 25th expo- 
sure. The female died after 8 days and the 
male after 28 days of exposure. Both dogs 
showed similar symptomatology and physio- 
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Tas_e 10.—Erythrocyte Osmotic Fragility Values and Hemoglobinuria in Mice 
After Inhalation of Butyl Cellosolve Vapor 


Fragility Fragility Ratio of 
Approx. No. 0! Immediately 17 Hr. Mice Which Excreted 
Concentration, 7-Hr. After After Bloody Urine Immediately 
Ppm Exposures Exposure Exposure After Exposure 

100 1 0.60-0.52 0.52-0.44 0/60 
100 2 0.64-0.52 _ 0/60 
100 3 0.64-0.52 _ 0/60 

100 29 0.60-0.52 0.52-0.44 - 

100 88 0.60-0.52 0.52-0.44 
100 89 0.60-0.52 
200 1 0.68-0.64 0.48-? 9/60 
200 2 - _ 0/60 
200 3 0.68-0.62 _ 0/60 

200 29 0.68-? 0.50-0.42 - 

200 89 0.60-0.50 0.54-0.40 - 
400 1 0.68-0.58 0.50-0.42 26/60 
400 2 0.75-0.60 _ 4/59 
400 3 0.68-0.60 _ 0/59 
400 29 0.68-0.60 0.50-0.42 - 

400 89 0.60-0.50 _ - 
0.0 1 0.50-0.42 - 0/60 
(Air controls) 2 0.50-0.42 _— 0/60 
3 0/60 

88 0.50-0.40 

88 0.52-0.40 

89 0.46-0.38 

89 0.54-0.46 


logical response, although toxic manifesta- 
tions appeared more slowly in the male. 
Loss of weight, transitory increase in 
erythrocyte osmotic fragility, nasal and 
ocular infection, generalized weakness, 
apathy, anorexia, and increased leucocyte 
count were observed in both animals. 
Emesis occurred in the female several times 
during the first four days of exposure. A 
significant decrease in erythrocyte count and 
hemoglobin level occurred in the male. It 
was of note that the fragility value of the 
male reached a maximum of 0.54-0.42 in 
7 days and fell to 0.32-0.20 after 27 days, 
demonstrating that all susceptible erythro- 
cytes had been removed from this animal’s 
blood stream. Analysis of a 16-hour urine 
sample from the male after the 25th ex- 
posure indicated the presence of 55 mg. of 
butoxyacetic acid. The only positive results 
obtained from the blood chemistry tests 
were elevated plasma fibrinogen levels of 
1.75 and 2.26 gm/100 ml. in the male dog 
after the 26th and 27th exposures, respec- 
tively. These values were several times 
higher than the accepted normal value of 
0.52 gm/100 ml.!*. It might be presumed 
that these elevated fibrinogen values were 
caused by dehydration in the dog prior to 
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death, but this possibility was eliminated 
by the relatively low hemoglobin concentra- 
tions and erythrocyte counts. The more 
striking findings at autopsy consisted of 
moderate to severe congestion and hemor- 
rhage of the lung, congestion of the liver, 
and congestion of both kidneys in the fe- 
male. Histological examination confirmed 
the gross observations, with the additional 
discovery of a severe subcapsular hemor- 
rhage in one adrenal in the female dog. 
Male and female basenji litter mates were 
exposed to a mean concentration of 200 
ppm butyl Cellosolve for 31 days. Hemato- 
logical tests were performed weekly, and 
blood chemistry tests immediately after the 
15th, 22d, and 29th exposures and before 
the 28th exposure. An erythrocyte perme- 
ability test was performed on the next to 
the last day of -exposure, using radioio- 
dine.17 The corneas were inspected with 
the aid of fluorescein dye before the first 
exposure and after the 3lst. There was 
slight evidence of toxic effect in the dogs 
after 31 days of exposure. Erythrocyte 
osmotic fragility values of the male in- 
creased slightly, and leucocyte counts 
doubled. The fragility value of the female 
also rose slightly, while the erythrocyte 
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count and hemoglobin level fell slightly. 
The erythrocyte permeability of both dogs 
was numerically higher than that for similar 
control dogs, but the increase was not sta- 
tistically significant. Blood chemistry tests 
revealed no abnormal value. At autopsy 
there appeared to be some slight capillary 
engorgement or breakdown in the lungs of 
both dogs, but these findings were not con- 
firmed by histological examination. Flu- 
orescein staining of the eyes indicated no 
damage. Butoxyacetic acid was present to 
the extent of 100 and 42 mg. in 16-hour 
urine samples from the male and the female 
after the 14th exposure. 

Male and female wire-haired terrier litter 
mates, 8 months of age, were exposed for 
90 days to a mean concentration of 100 
ppm. Routine blood chemistry tests were 
performed on both dogs before the first 
exposure and after the 90th. Hematocrit 
values and icterus indices were determined 
in addition to the regular hematological 
studies performed weekly. Analysis for 
urinary butoxyacetic acid was done on speci- 
mens from the male and the female. The 
dogs did not appear to be affected appre- 
ciably by exposure to 100 ppm, although 
some alterations were observed in the hema- 
tological picture. There was a transitory 
doubling of the leucocyte count in both dogs 
midway in the 90-day period. The female's 
count returned to the preexposure level, but 
that of the male remained approximately 
50% higher at the end of the period. An 
appreciable drop in the hematocrit values 
of the male, from 43.0% packed red cells 
before the first exposure to 34.5% after 90 
exposures, was observed. Twenty-four- 
hour urine samples from the male and fe- 
male dogs contained 100 and 94 mg. of 
butoxyacetic acid. 

Repeated Inhalation by Monkeys: Two 
monkeys inhaled 100 ppm butyl Cellosolve 
for 90 days. Erythrocyte osmotic fragility 
rose on several occasions, higher in the 
female than in the male, but returned to 
normal by the end of the period. Erythro- 
cyte counts fell briefly but returned to 
normal. After the 42d inhalation the female 
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excreted 30 mg. of butoxyacetic acid in a 
48-hour period, but only trace amounts were 
found from the male and from the female 
later in the inhalations. At autopsy tubercu- 
losis in both animals was found—sufficient 
to obscure possible effects of the inhalation. 

A rhesus monkey inhaled 210 ppm for 
30 days. After the fourth inhalation the 
erythrocyte osmotic fragility was found to 
be elevated. It returned to normal over- 
night. For the balance of the exposure 
period this cycle was substantially repeated. 
After 30 inhalations erythrocyte count and 
hemoglobin level had been reduced to half 
their initial values. After 14 inhalations 
plasma fibrinogen was found to be 1.22 gm/ 
100 ml., four times the normal concentra- 
tion. Emesis occurred four times during 
the latter part of the period. At autopsy 
the organs appeared normal except for a 
suggestion of pulmonary _ tuberculosis. 
There was nothing noteworthy in the histo- 
pathology. 


Human Inhalations 

The human inhalation studies are sum- 
marized in Table 11. In the first trial two 
men and six rats simultaneously inhaled 
113 ppm butyl Cellosolve for four hours 
in a 1250 cu. ft. room. None of the erythro- 
cyte osmotic fragility values of the men 
deviated from their preexposure values, 
while the values for the rats rose appreci- 
ably. Human symptoms, which were secretly 
recorded, included nasal and ocular irrita- 
tion, disagreeable metallic taste, slight in- 
crease in nasal mucous discharge, and 
occasional eructation. Four to six hours 
after exposure one man complained of feel- 
ing as though he had “smoked too many 
cigarettes,” although none had been used. 

About a year later the same two men, 
Subjects C and P, and one woman, Subject 
N, inhaled 195 ppm butyl Cellosolve for 
two 4hour periods separated by a 30- 
minute recess for lunch. Exposure took 
place in a 6% ft. cube (7900 liters) through 
which air was drawn at the rate of approxi- 
mately 1300 liters per minute. Blood 
pressure and pulse rate were determined for 
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TABLE 11.—Responses of Humans to Butyl Cellosolve Vapor 


Urinary 
Butoxy- 
Concentration, Hr. of Age, Erythrocyte Blood Pulse acetic 
Ppm Exposure Chamber Subject Sex by» Fragilityt Pressuret Ratet Acid* 
195 s 278 cu. ft. chamber N F 24 0.44-0.36 98/64 75 300 
Cc M 44 0.42-0.36 114/74 83 19-38} 
6-12} 
P M 34 0.42-0.36 114/71 74 175 
113 4 1250 cu. ft. room Cc M 44 0.42-0.36 
P M 34 0.42-0.36 
98 8 278 cu. ft. chamber L F 34 0.40-0.36 116/70 86 183 
K F 24 0.42-0.36 108/68 80 100 
Ww M 37 0.40-0.36 120/84 s4 
Cc M 44 0.42-0.36 112/74 76 75 


* Milligrams per 24-hour sample. 

+ These values taken near end of the exposure periods. 

— Tests not performed. 

t Sample analyzed twice to verify low range reported. 
each subject three times during the expo- 
sure day, and erythrocyte osmotic fragility 
tests were determined four times. Urin- 
alyses for glucose and albumin were con- 
ducted the following morning, and_ the 
butoxyacetic acid levels determined on urine 
samples collected during the 24 hours fol- 
lowing completion of the exposure. Subjects 
N and P excreted considerable amounts of 
butoxyacetic acid in the 24-hour period 
following exposure, but Subject C, for some 
unknown reason, excreted only trace 
amounts of the metabolite. The remainder 
of the tests on humans were negative, al- 
though the erythrocyte fragility values of 
three female rats, concurrently exposed, in- 
creased steadily during the exposure. The 
privately recorded response of all three sub- 
jects included immediate irritation of the 
nose and throat, followed by ocular irrita- 
tion and disturbed taste. The woman, who 
excreted the largest amount of metabolite, 
also acquired a headache which lasted about 
24 hours. 

Based on the response of the humans in- 
haling 195 ppm for eight hours, the woman 
appeared to be more sensitive than either 
of the two men. All agreed that 195 ppm 
butyl Cellosolve was too high for comfort 
when continually breathed. Other volun- 
teers inhaled a concentration of approxi- 
mately 100 ppm for eight hours. Three of 
these subjects, two women and one man 
between 24 and 37 years of age, had had no 
previous contact with the vapor. Subject 
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C was included because only trace amounts 
of urinary butoxyacetic acid were found 
after the 195 ppm inhalation, and the valid- 
ity of this result required a check. The 100 
ppm inhalation took place 20 days after the 
195 ppm experiment and included most of 
the tests performed previously, except that 
urinary glucose and albumin in the humans 
and erythrocyte osmotic fragility in rats 
were omitted. The mean concentration of 
butyl Cellosolve was 98 ppm, and the mean 
chamber temperature, 26.2 C, with extremes 
of 23.0 and 29.2 C. The only objective find- 
ing of significance was the urinary excretion 
of butoxyacetic acid. Following the expo- 
sure, Subject C, who had not excreted sig- 
nificant quantities of the metabolite after 
the 195 ppm exposure, eliminated 75 mg. 
in 24 hours. The urinary butoxyacetic acid 
level of the other three subjects was similar 
to that found at the 195 ppm exposure. The 
subjective response of the humans inhaling 
98 ppm may have been almost as great as 
that elicited at the 195 ppm level. The fe- 
male subject (L) apparently experienced 
greater distress during and after exposure 
than did the others. Subject L experienced 
emesis after seven hours in exposure and 
several times the following day, while Sub- 
jects K and W complained of headaches the 
next day. The former subject stated that 
high temperature often caused emesis and 
that she was convinced that the present 
episode was caused by the relatively high 
chamber temperature in the afternoon. It 
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remains uncertain whether or not these 
phenomena should be charged to inhalation 
of vapors. 


Comment 


Butyl Cellosolve has been a commercially 
available solvent for at least 30 years. Since 
1945 the generally accepted hygienic stand- 
ard of inhalation has been 200 ppm, and 
little or no attention has been directed to 
the ease with which the liquid penetrates 
the skin, although by this route it is a mod- 
erately toxic material. Based upon the re- 
sponse of experimental animals to repeated 
inhalation of butyl Cellosolve, one might 
suppose 50 ppm or even less to be an appro- 
priate hygienic standard of inhalation. In 
view of these facts, it is not idle to inquire 
why there have been no reported instances 
of human injury, beyond one uncertain ob- 
servation of hematuria. 

One factor undoubtedly is low volatility. 
The hygienic standard of inhalation has been 
one-fifth of saturation at ordinary tempera- 
tures. It is most unlikely that any workman 
actually inhales this much for more than a 
brief period during a working day. This 
factor is not important in the case of skin 
penetration. In the handling of hydraulic 
fluids there is no doubt that skin penetra- 
tion accounts for more absorption than does 
inhalation. 

A second factor is the nature of injury 
from repeated inhalation of low concentra- 
tions of butyl Cellosolve. It is a slow drain 
upon the erythrocyte producing organs. 
With the existing great capacity of the bone 
marrow to replace erythrocytes, so long as 
only those in the circulation are affected, a 
relatively enormous, long-acting drain is re- 
quired to result in any clinical symptoms or 
in any actual injury. 

There is a third, and apparently a more 
important, factor explaining why there have 
been no reported injuries. Butyl Cellosolve 
is one of the few industrial materials to 
which the human is more resistant than are 
the usual experimental animals. A greater 
contact with butoxyacetic acid is required to 
cause osmotic fragility of human red blood 


cells than is required to hemolyze rat, 
mouse, rabbit, dog, or monkey erythrocytes. 
Inhalation of 200 ppm for eight hours does 
not result in fragile human erythrocytes, 
but as little as 62 ppm for four hours does 
affect rat cells. For this reason a hygienic 
standard of inhalation for butyl Cellosolve 
should not be based solely upon repeated 
inhalations by susceptible animals. The 
current hygienic standard of 200 ppm for 
inhalation of butyl Cellosolve appears, on 
the basis of evidence and experience, to be 
low enough to prevent human injuries. How- 
ever, discomfort will be experienced by 
some human subjects inhaling this concen- 
tration for eight hours. In this instance, 
200 ppm refers to the time-weighted aver- 
age concentration throughout a working 
day. Detectable injury from high concen- 
trations apparently cannot occur in less than 
an hour at saturation—1000 ppm and dis- 
comfort from this concentration will make 
prolonged voluntary inhalation unlikely. 


Summary and Conclusions 


Inhalation of a high concentration of 
butyl Cellosolve, of the order of 500 ppm, 
half of saturation, for several hours may 
injure by respiratory tract irritation and 
narcosis, with slighter damage to kidney and 
liver. Death may be prompt, due to nar- 
cosis, or it may be delayed several days, 
due to pneumonitis added to kidney injury. 

Butoxyacetic acid is a metabolite of butyl 
Cellosolve in the rat, rabbit, guinea pig, 
dog, rhesus monkey, and man. It can be 
estimated semiquantitatively in the urine. 
This excretion is the first detectable evidence 
of absorption of butyl Cellosolve. Men in- 
haling 100 ppm for 8 hours excrete 100 
to 200-mg. of butoxyacetic acid within the 
next 24 hours, with considerable individual 
variation. 

Butyl Cellosolve, and to a greater extent 
its metabolite, butoxyacetic acid, increases 
the osmotic fragility and presumably the 
mechanical fragility of the erythrocyte. This 
action is greatest in the rodents—rats, mice, 
rabbits. It is less in the guinea pig, the dog, 
the rhesus monkey, and the human. Other 
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glycol ethers act similarly, with quantitative 
differences. Increased fragility leads to de- 
struction of erythrocytes and excretion of 
their hemoglobin in the urine as such or as 
hemin. The destroyed erythrocytes are 
promptly replaced by new cells, and if in- 
sult is prolonged, eventually immature forms 
may enter the circulation. Repeated exces- 
sive inhalation of butyl Cellosolve by rodents 
and dogs was found to result eventually in 
reduction of the blood hemoglobin concen- 
tration and the total erythrocyte count to 
the point of anemia. Increased osmotic fra- 
gility of erythrocytes was not found in man 
during inhalations in which simultaneously 
exposed rats were so affected. It was found 
in vitro with human erythrocytes, and hence 
is to be expected after inhalation of some 
concentration higher than the 200 ppm to 
which men did not respond. 

In repeated inhalations by animals the 
significant effects were lung irritation, 
cloudy swelling of renal loop and convoluted 
tubules, heavy kidneys, low hemoglobin and 
erythrocyte counts, hemoglobinuria, and 
fragile erythrocytes. Females were suscept- 
ible to lower concentrations than were males. 
Rats were not affected by 30 seven-hour 
inhalations of 54 ppm, guinea pigs by 30 
inhalations of 100 ppm, dogs by 90 inhala- 
tions of 100 ppm. Mice, rats, and monkeys 
inhaling 100 ppm for 90 days had only 
fragile erythrocytes. Humans are more re- 
sistant to hemolytic anemia, the injury char- 
acteristic of small animal response to in- 
halation of low concentrations of butyl 
Cellosolve. Therefore, a safe working con- 
centration for humans cannot properly be 
based solely upon rodent response. 

During an eight-hour inhalation of 200 
ppm butyl Cellosolve there was no objective 
effect upon three humans, although butoxy- 
acetic acid in their urines proved con- 
siderable absorption. Subjectively the 
concentration was judged too high for com- 
fort, with eye, nose, and throat irritation 
evident. During eight hours at 100 ppm 
four humans likewise showed a similar 
qualitative response. 

The present work interprets the accepted 
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hygienic standard of 200 ppm for inhala- 
tion of butyl Cellosolve as a concentration 
which rodents cannot tolerate, which is 
slightly injurious to dogs, and which appears 
not to injure humans. Our human work 
was not sufficiently extensive to demonstrate 
that 200 ppm will not eventually result in 
some degree of hemolytic anemia. Because 
of this prudence dictates that 100 ppm is 
a more appropriate level to maintain in 
workroom atmospheres. Even at this level 
there may be occasional complaints of dis- 
comfort from extremely sensitive persons. 
No matter how butyl Cellosolve may enter 
the circulation, it is a relatively toxic ma- 
terial. It penetrates the skin readily. Due 
to its low volatility, there are many appli- 
cations where prevention of excessive pro- 
longed skin contact is more important for 
health than is prevention of inhalation. 
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Abgricultural Workers 


A Survey with Respect to the Degree of Absorption by Agricultural Workers 


Exposed to Organic Phosphorus Insecticides 


J. H. FRYER, M.B., B.S. 
and 
H. H. WILLIAMS, Ph.D., Ithaca, N. Y. 


Absorption of the organic phosphorus 
insecticides through the skin, by inhalation, 
or by ingestion has been shown to lead to 
a destruction of the enzyme cholinesterase 
in the tissues. Continuation of this process 
may cause the progressive accumulation of 
acetylcholine and hence the signs and symp- 
toms of overactivity of the parasympathetic 
nervous system. In severe cases central 
nervous depression leads to coma, respira- 
tory failure, and death. However, the mini- 
mal absorption of these compounds is 
usually asymptomatic, although falls in the 
cholinesterase content of the red blood cells 
and plasma can be detected. The cholineste- 
rase of red cells and of plasma differs, 
probably chemically, and plasma cholineste- 
rase is somewhat more rapidly inactivated 
but also regenerates more rapidly than red 
blood cell cholinesterase. It is possible dur- 
ing the recovery phase following intoxica- 
tion to have a plasma cholinesterase level 
within the range of the normal but a red 
blood cell cholinesterase level which is sig- 
nificantly depressed. The range of red blood 
cell and plasma cholinesterase in normal 
human subjects has been determined by 
several groups of workers.* 

These facts have led to the routine test- 
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ing of blood samples from agricultural 
workers using organic phosphorus insecti- 
cides. Warning can thus be given to those 
manifesting absorption so that they may 
take measures to avoid frank intoxication. 
Such routine determinations have been car- 
ried out by Hamblin and Golz,* Kay and as- 
sociates,° and Sumerford and associates.® 
The last named reported significant re- 
ductions in average cholinesterase values 
for groups of workers known to have defi- 
nite and consistent exposure to the organic 
phosphorus insecticides, although the per- 
centage of workers showing such effects is 
not stated. 

We have previously reported * upon some 
of the problems of interpretation encoun- 
tered in detecting the minimal absorption of 
the organic phosphorus insecticides and have 
presented some criteria developed by statis- 
tical methods. This paper reports the find- 
ings of a small-scale survey designed to 
use these criteria in determining what per- 
centage of exposed agricultural workers in 
a given community were absorbing insecti- 
cides and to correlate the results with 
frequency of exposure and safety precau- 
tions taken. 


Method and Materials 


1. Subjects—The experimental group consisted 
of 65 adult male agricultural workers in Wayne 
County, New York, all of whom were exposed 
to the organic phosphorus insecticides during the 
summer of 1954. 

2. Samples.—Blood samples were taken at two 
centers in Wayne County once each month from 
April through September, the interval between 
sampling days being between 28 and 36 days in 
all cases. None of the experimental group had 


been exposed to the organic phosphorus insecti- 
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cides for at least three months prior to the first 
sample. 

After the first blood sample had been obtained, 
the subjects attended subsequent clinics only when 
they had been exposed to the organic phosphorus 
insecticides in the month preceding the sampling 
date. When visiting the clinic for a blood sample 
to be taken, the subject was asked to complete a 
check-form, giving details of the type of insecti- 
cide he had been using, how he had been exposed, 
frequency and duration of exposure, and safety 
precautions taken. 

3. Details of Exposure——A total of 133 post- 
exposure blood samples were obtained from the 
65 subjects during the course of five sampling 
one each month from May through 
September. Twenty-nine subjects were exposed 
during only one month of the experimental period 
and hence gave only one blood sample. Fourteen 
subjects gave two blood samples; thirteen subjects 
gave three blood samples; eight subjects gave four 
blood samples, and one subject gave five blood 
samples. Fifty-five of the subjects (85%) were 
exposed to insecticide spray; forty-two of this 
group also either mixed the insecticide or handled 
material after spraying. Ten subjects (15%) 
were exposed only by mixing insecticide or han- 
dling material after spraying. Fifty-nine subjects 
(91%) were exposed to parathion, nineteen of 
this group using other organic phosphorus insecti- 
cides in addition. Three subjects used only EPN 
300; two, malathion; and one, demeton (Systox). 

Details of degree of exposure, in terms of hours 
of exposure per month, are given in Table 2. 
No attempt was made to observe the workers in- 


sessions, 


dividually or to assess to what extent they may 
have allowed spray to get on their clothing or 
skin. In general, it may be said that the agricul- 
tural workers in this area are familiar with and 
have due respect for the hazards of the organic 
phosphorus insecticides. This fact may have in- 
troduced bias into the sample, as would also the 
method of asking for voluntary+ cooperation from 
workers. Presumably those more interested in the 
hazards of these compounds would be more likely 
to cooperate, and at the same time such a group 
would probably tend to be more cautious in their 
use than the average. In this respect the incidence 
of insecticide absorption might be higher in the 
general population of exposed workers than is 
reported here in the experimental group. 

4. Methods.—Blood samples were taken from 
the finger tip into a 2.5 by 50 mm. test tube (made 
in the laboratory from 2.5 mm. I. D. tubing) 
which had been treated with a 20 mg/ml. solution 
of heparin and dried in flowing air. They were 
refrigerated within 6 hours, and cholinesterase 
determinations were carried out within 17 days 
by the Michel electrometric method’? as modified 
by Hamblin and Marchand* and Wolfsie and 
Winter and subsequently in our own laboratory.’ 


Results and Comment 
The results of the survey are summarized 
in Table 1. The changes in red blood cell 
and plasma cholinesterase levels following 
exposure to the organic phosphorus insecti- 
cides are shown, comparison being made 
with preexposure cholinesterase levels. Thus, 


TaBLe 1—Changes in Red Blood Cell and Plasma Cholinesterase Levels Following 
Exposure to the Organic Phosphorus Insecticides 


(One Hundred Thirty-Three Blood Samples from 


Sixty-Five Subjects) 


Effect on 
Cholinesterase 

Level 


Blood 
Samples, No. 


Fall 


Not In Range 
Exceeding 0.132-0.171 Greater than 
0.132 ApH/Hr. | SpH/Hr. 0.171 ApH/Hr. 


Per Cent 
of Total 
(N=133) 


Cholinesterase 
ve Increase 


Not 
Exceeding 
0.272 ApH/Hr. 


In Range 
0.272-0.351 


Greater than 
4pH/Hr. 


0.351 SpH/Hr. 


Blood 
Samples, No. 


Per Cent 
of Total 
(N= 133) 


| 


a 
| 
= 
Change 
or 
Increase 
Red 4 | 
| 4 
44 51 3 | 2 J 
Fall 
Plasma Change } 
133 
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of 133 blood samples, 59, or 44%, showed 
no change or an increase in red blood cell 
cholinesterase, whereas 56% showed a de- 
crease. Comparable figures are given for 
plasma cholinesterase changes. The blood 
samples showing falls in cholinesterase ac- 
tivity levels have been further subdivided 
by the extent of the depression from the 
preexposure level. The critical levels of 
depression, 0.132 A pH/hr. and 0.171 A 
pH /hr. for red blood cell cholinesterase and 
0.272 A pH/hr. and 0.351 A pH/hr. for 
plasma cholinesterase, are based on an earl- 
ier study reported from our laboratory,* in 
which were calculated the maximum falls in 
cholinesterase levels due solely to day-to-day 
variation likely to be encountered in varying 
percentages of the population. The critical 
levels quoted above are those for 90% and 
95% of the population, respectively; e. g., 
less than 1 person in 10 is likely to show 
a fall in red blood cell cholinesterase ex- 
ceeding 0.132 A pH/hr. due solely to day- 
to-day variation. Less than 1 person in 20 
will exceed 0.171 A pH/hr. For purposes 
of discussion in this paper, falls in cholin- 
esterase level exceeding those likely to be 
due to day-to-day variation in 90% of the 
population will be designated as “suspicious 
falls.” This term is intended to stress the 
fact that such falls may be due to day-to-day 
variation alone but that, when they occur 
in a given individual, the effects of the 
organic phosphorus insecticides can reason- 
ably be suspected. 

The incidence of suspicious falls in red 
blood cell cholinesterase levels is about 5% 
of the 133 samples analyzed. Suspicious 
falls in plasma cholinesterase occurred in 
3% of the samples. Since one blood sample 
showed suspicious falls in red blood cells 
and plasma simultaneously, the total inci- 
dence is 9 suspicious falls in 133 samples, 
or about 7%. There were 65 subjects in 
the group sampled, 6 of these (9%) having 
one or more monthly samples showing a 
suspicious fall in either red cell or plasma 
cholinesterase or both. One subject had 
suspicious falls in three monthly blood 
samples, one subject in two monthly samples, 
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and the remaining four subjects on one 
occasion only. In all instances the insecti- 
cide in use during the month preceding 
the blood sample showing a suspicious fall 
was parathion. 

In general, no significance can be attached 
to falls in cholinesterase levels less than the 
designated critical levels, since these can 
reasonably be attributed to day-to-day vari- 
ation alone. It is noteworthy, however, that, 
following exposure to the organic phos- 
phorus insecticides, 73% of the blood 
samples showed falls in plasma cholineste- 
rase levels compared with 27% showing no 
change or increased levels. Such a distribu- 
tion is beyond the 1% probability level. One 
possibility is that this results from the 
effects of minimal absorption of the insecti- 
cides. It is known that such minimal absorp- 
tion may affect the plasma cholinesterase 
alone, and the ratio of falls in red blood 
cell cholinesterase (56%) to samples show- 
ing no change or an increase (44%) does 
not achieve statistical significance. Seasonal 
variation would also adequately explain the 
observed ratio, but no evidence is known 
which suggests that this occurs. 


Effects of Exposure and Precautions on 
Cholinesterase Level 

Table 2 presents an analysis of the sur- 
vey data to show the effects of degree of 
exposure to the insecticides and the pre- 
cautionary measures taken by the subjects 
on the incidence of samples showing sus- 
picious falls in cholinesterase. Precaution- 
ary measures are listed by the number of 
items of protective clothing used. In almost 
all cases a single precautionary measure con- 
sisted of the wearing of a respirator. Double 
precautionary measures were usually a 
respirator and gloves, and triple precaution- 
ary measures were respirator, gloves, and a 
cape or special coveralls. The incidence of 
suspicious falls in cholinesterase is about 
10% among those taking no precautions 
and 6% among those taking one or more 
precautionary measures. Among those tak- 
ing double precautionary measures the in- 
cidence of suspicious falls actually exceeds 
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TABLE 2.—Results of Wayne County Survey Analyzed to Show Effects of Degree 
of Exposure and Precautions Taken on Falls in Cholinesterase Level 


(One Hundred Twenty-Nine Samples from Sixty-Four Subjects) 


Cholinesterase Ac- 
. and 0.272ApH/Hr. 


Samples, No. 


Period Exposed 
in Month 


Precautionary Measures 


Preceding 


Sample Single 


10 hr. OF less 


11-50 hr. 


51-99 hr. 


Totals 


Totals 


Double | 


16 


| 


(1)* 20 


62 (1)* 


fall in cholinesterase was due to the action of the insecticide. 


+ One of these samples showed “suspicious” falls in plasma and red blood cell cholinesterase simultaneously. 


* The time relationship between exposure to the insecticide and the taking ot this blood sample makes it very unlikely that the 


Four blood samples from one subject are not included in this analysis because of inadequate information about precautions taken 


and degree of exposure. 


that among the “no precautions” group, 
and there is no consistent relationship be- 
tween the number of precautions taken and 
apparent susceptibility to intoxication. 

The effects of degree of exposure on 
the incidence of suspicious falls in blood 
cholinesterase are more clearly defined. Of 
62 blood samples taken following exposure 
for 10 hours or less, only 1 (1.6%) showed 
a suspicious fall, and, in fact, circumstances 
suggest that day-to-day variation rather 
than insecticide absorption was the causa- 
tive factor in that case. In the group of 
blood samples taken following exposure for 
11 to 50 hours to the insecticides, 4 out of 
55 (7%) showed suspicious falls. Following 
exposure for 51 to 99 hours, one out of 
four samples were suspicious (259%), and 
following exposure for 100 hours or more, 
three out of eight samples (37%). Clearly 
the number of samples in the latter groups 
is too small to produce reliable figures, but 
the trend is indicated. 

The point has already been made that 
day-to-day variation may account for falls 
in blood cholinesterase levels exceeding 
those designated as “suspicious” in this 


survey. Indeed the over-all incidence of 
“suspicious falls” among the 65 subjects 
in the experimental group (9%) bears a 
close relationship to the estimated percent- 
age of normal subjects who may show falls 
in cholinesterase exceeding the established 
critical levels due solely to day-to-day varia- 
tion. From this point of view the figure of 
9% is undoubtedly high as an estimate of 
the number of exposed workers absorbing 
the insecticides. However, the converse is 
also true. Falls in blood cholinesterase levels 
less than the critical levels may be due to 
inorganic phosphorus insecticide absorption 
rather than to day-to-day variation. Some 
evidence in support of this statement is 
present in the fact that, in the surveys 
reported here, the ratio of total falls in 
plasma cholinesterase level to total increases 
following exposure to the insecticide was 
2.7 to 1. There is additional evidence to 
suggest that many of the falls in cholin- 
esterase designated as “suspicious” were 
in fact due to the absorption of the organic 
phosphorus insecticides. As has been shown 
above (Table 2), the percentage incidence 
of such suspicious falls increases as the 
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degree of exposure to the insecticides is 
increased. Such a correlation would not be 
expected with falls due to day-to-day vari- 
ation. 

The absorption of minimal amounts of 
organic phosphorus insecticides may not be 
deleterious to man, Repeated small doses of 
octamethyl pyrophosphoramide (OMPA) 
have been shown to produce tolerance in 
the rat.® On the other hand, the repeated 
absorption of somewhat larger doses may 
produce a stepwise reduction in tissue cho- 
linesterase levels and ultimately lead to an 
increased susceptibility to an acutely toxic 
dose. In our experience this type of effect 
is not commonly seen. Neither do we have 
at the present time a quantitative measure 
of the degree of increase in such suscepti- 
bility if the cholinesterase levels are de- 
pressed to varying percentages of the 
normal. Hence we have no accurate meas- 
ure of the possible importaiive of this 
effect when it does occur. The survey re- 
ported here suggests that minimal absorp- 
tion is occurring in a small percentage of 
exposed workers, and this finding tends 
to confirm the observations of Sumerford 
and associates,® although the analysis of data 
is handled in a different way and no direct 
comparison of results is possible. In view 
of the large numbers of agricultural work- 
ers who use the organic phosphorus insecti- 
cides, it is suggested that continued vigilance 
is necessary to insure that long-term ex- 
posure with minimal absorption of these 
compounds does not have any attendant 
morbidity of an as yet unappreciated nature. 
The authorities responsible for the control 
of industrial and occupational hazards 
should not lose sight of the fact that such 
minimal absorption is occurring in a small 
percentage of agricultural workers exposed 
to these insecticides. 


Summary and Conclusions 
A survey was carried out among 65 
agricultural workers in Wayne County, New 
York, to determine the effects on blood 
cholinesterase levels of exposure to the or- 
ganic phosphorus insecticides. 


136 


During a 


period of five months 133 blood samples 
were analyzed, 9 (7%) of which showed 
falls in cholinesterase levels designated as 
“suspicious,” i. €., suggestive of insecticide 
absorption. These nine samples came from 
six (9%) of the subjects in the survey 
group. Differentiation of such minimal ab- 
sorption from day-to-day variation cannot 
be absolute, but criteria were applied based 
on statistical studies previously reported. 

It was also noted that the ratio of post- 
exposure blood samples showing falls in 
plasma cholinesterase to those showing no 
change or an increased plasma cholinesterase 
was 2.7:1. This distribution is beyond the 
1% probability level and, it is suggested, 
may demonstrate the effects of minimal ab- 
sorption of the insecticides. 

Suspicious falls in blood cholinesterase 
level occurred in 10% of blood samples 
taken following periods of exposure to the 
insecticides without precautionary measures. 
If precautionary measures were taken, the 
incidence of suspicious samples was reduced 
to 6%. However, there was no consistent 
relationship of incidence of suspicious falls 
in cholinesterase with the number of items 
of protective clothing worn by the subjects. 

The incidence of suspicious falls in blood 
cholinesterase level appeared to be corre- 
lated with the duration of exposure of the 
subjects to the organic phosphorus insecti- 
cides. 

The limitations of the criteria employed 
to determine the incidence of minimal ab- 
sorption of the insecticides by the experi- 
mental group are briefly discussed. It is 
suggested that, whereas such minimal ab- 
sorption may not represent a health hazard, 
the number of agricultural workers exposed 
is large enough to warrant the continued 
alertness of the relevant Public Health 
authorities to detect any associated mor- 
bidity. 

Mr. Cyril G. Small, Wayne County Agricultural 
Agent, cooperated in the organization and execution 
of this survey; Dr. Evan Tansley, of Newark, 
N. Y., assisted in obtaining some of the blood 
samples; Dr. Norman S. Moore offered helpful 


advice, and Z. Pierce, G. Fiala, and others rendered 
technical assistance. 
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Paradichlorobenzene has been manufac- 
tured in large volume and used extensively 
as a household moth control agent and as a 
deodorant for many years. During this 
time there have indeed been very few alle- 
gations that it may have caused effects of a 
toxic nature among a few of the millions of 
persons who have handled and used it. This 
is truly a remarkable record and certainly 
is strong evidence that it presents but slight, 
if any, real toxic hazard when handled and 
used in the usual manner. 

In spite of this excellent record, there has 
been a report suggesting that paradichloro- 
benzene may have been responsible for the 
formation of lenticular cataracts in human 
subjects and in rabbits. The study reported 
herein was undertaken to determine whether 
paradichlorobenzene was, in fact, likely to 
produce cataracts and also to provide infor- 
mation whereby the hazard to workmen 
who might be exposed to concentrations of 
vapor in excess of those ordinarily en- 
countered in use might be better assessed. 
In addition, it seemed desirable to have 
further evidence as to whether the material 
was truly suitable for the extensive uses to 
which it was being put. 


Review of Literature 


Numerous investigators have reported the 
results of various researches on the physio- 
logical effects of paradichlorobenzene. The 
low oral toxicity of paradichlorobenzene 
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for dogs was reported by Sollmann * in 1919 
and by Dikmans? in 1927 as a result of his 
studies of the material as an anthelmintic. 
Landsteiner and Jacobs* in 1936 reported 
that the material did not sensitize the skin 
of guinea pigs. 

In 1939 Berliner * reported two cases of 
cataract in human subjects, which he be- 
lieved were due to prolonged exposure to 
a “moth-repelling chemical” or a “deodoriz- 
ing agent” thought to contain paradichloro- 
benzene. He also reported the occurrence 
of a cataract in a rabbit and attributed this 
to repeated exposure to vapor and repeated 
oral feedings of paradichlorobenzene. Un- 
fortunately the identity, source, and purity 
of the material involved in these clinical 
cases and in the animal experimentation 
were not established. 

In 1944 Pike® reported on ocular path- 
ology due to organic compounds and dealt 
with the chronic toxicity of paradichloro- 
benzene by inhalation and ingestion. He 
based his findings on controlled animal 
experimentation, measurements of paradi- 
chlorobenzene concentrations in the work- 
room atmosphere, and clinical experience. 
He observed that rabbits subjected to as 
many as 62 repeated eight-hour exposures, 
five days a week, to 4.6 to 48 mg/l. of 
paradichlorobenzene vapor exhibited trem- 
ors, weakness, nystagmus, and reversible 
nonspecific eye ground changes but no lens 
changes even though some deaths occurred. 
Pike stated, “This concentration of para- 
dichlorobenzene is from five to ten times 
the concentration that the average man will 
voluntarily tolerate.” He also noted that 
rabbits fed 1.0 gm/kg. of the compound, 
five days a week, for several, months by 
intubation displayed similar subjective 
symptoms but no ocular changes whatso- 
ever. This author found no lens changes in 
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rats and guinea pigs given repeated expo- 
sures to the vapor of paradichlorobenzene 
or repeated oral doses of the material. In 
his clinical studies Pike observed no lens 
changes in men who had handled the ma- 
terial for many years in chemical industry. 
Pike’s findings are strongly supported by 
the work of Zupko and Edwards *® who in 
1949 reported no cataracts in rabbits, rats, 
and guinea pigs exposed repeatedly to para- 
dichlorobenzene vapor. Their animals re- 
ceived 6 to 34 exposures for 20 or 30 
minutes daily. Zupko and Edwards em- 
ployed an essentially saturated atmosphere 
of the material; their nominal concentration 
of 100 mg/l. at 39-42 C is at least 100 
times the concentration that the average man 
will voluntarily tolerate. These investiga- 
tors reported intense eye and nose irritation, 
tremors and twitches of the extremities, a 
“mark time” reflex, a loss of the righting 
reflex, a definite nystagmus, rapid but 
labored respiration, reversible granulocyto- 
penia, kidney and lung injury, and some 
deaths in the experimental animals. 
Further support for Pike’s findings is 
provided by the work of Ballotta and Mat- 
tioli? and Teramoto * who also observed no 
cataracts in rabbits or guinea pigs exposed 
repeatedly to paradichlorobenzene vapor. 
The metabolism of paradichlorobenzene 
in rabbits has been studied recently by 
Azouz, Parke, and Williams.* They 
showed that 35% of the dose was excreted 
as 2,5-dichlorophenol and about 6% as 2,5- 
dichloroquinol when a single oral dose of 
0.5 gm/kg. of paradichlorobenzene as a 
25% solution in olive oil was administered 
by stomach tube to rabbits. The metabolites 
excreted in the urine were 36% glucuro- 
nides and 27% ethereal sulfates, and the 
excretion of the metabolites was not com- 
plete six days after dosing. Mercapturic 
acids and catechols were not formed. 
Baumann" in 1883 reported that para- 
dichlorobenzene does not form a mercap- 
turic acid when administered to dogs; 
Williams '* explained the reason for this 
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fact by noting that the acetylcysteine group 
normally conjugates in the para position to 
the halogen and that this position is occu- 
pied in paradichlorobenzene. This com- 
pound, unlike naphthalene which is excreted 
as a mercapturic acid and which readily 
produces cataracts in rabbits when ingested, 
does not interfere with the metabolism of 
the rabbit lens by depriving it of cysteine 
and glutathione or by inhibiting the syn- 
thesis of glutathione and protein in the lens 
from their constituent amino acids. An 
understanding of the mechanism of cataract 
formation by naphthalene is provided by the 
reports of Bourne '* who in 1937 reviewed 
the metabolic factors in cataract formation 
and of Merriam and Kinsey ¢ who in 1950 
studied the metabolism of normal and cata- 
ractous rabbit lens. 

There have been a few medical case re- 
ports by Cotter,!7 Wallgren,!® Weller and 
Crellin,® and Perrin? which have sug- 
gested that prolonged, repeated inhalation 
of unspecified concentrations of a moth de- 
terrent (alleged to be or to contain paradi- 
chlorobenzene) for long periods of time 
may have been responsible for observed 
nonspecific symptoms of illness. The 
amount of the symptomatology due to dis- 
ease, senility, surgery, and exposure to other 
materials was not indicated. 


Material Tested 


Paradichlorobenzene is a white solid which has 
a melting point of 53 C and a boiling point of 
174 C at 760 mm. of Hg pressure. Commercial 
grade paradichlorobenzene was used in these ex- 
periments, and the material had a purity of 99% 
or better as determined by physical properties and 
chemical analyses. 


Repeated Vapor Inhalation Studies 


Procedures 


Animals.—The source, feeding, selection, and 
handling of the rats, guinea pigs, rabbits, mice, 
and monkeys used in the repeated vapor inhalation 
experiments were essentially the same as those 
previously described™ by this laboratory. In each 
experiment similar control groups were used, well 
matched with the experimental animals in respect 
to age, sex, body weight, and number, although 
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occasionally the control groups contained about 
two times as many animals as the experimental 
groups. Routinely, these animals were exposed 
seven hours daily, five days a week except at the 
highest concentration (4.8 mg/l.) studied where 
the animals were exposed eight hours daily. All 
survivors were killed on the day following ter- 
mination of the exposure regimen; their organs 
were weighed promptly, and their tissues were 
examined grossly and microscopically. 

The Fisher t-test was employed in comparing 
the mean values of the final body weights and 
organ weights obtained on the paradichlorobenzene- 
exposed groups with those obtained on the control 
groups. Probability (P) values of less than 0.05 
were interpreted as indicating a significant dif- 
ference. 

Apparatus—A rectangular metal chamber with 
a capacity of about 450 liters was employed for 
all this work except for a short-term experiment 
at a concentration of 173 ppm where a glass- 
walled chamber of about 160 liters’ capacity was 
used. A portion of the total air flow through the 
chamber was blown down through a cylindrical 
glass tower, 3 ft. in length and 3 in. in internal 
diameter, which was packed with pieces of solid 
paradichlorobenzene which would pass through a 
3% in. but not through a % in. mesh sieve. Two 
rotameters were used to regulate the air flow. The 
desired vapor concentration was obtained by ad- 
justing the ratio of the air flow through the 
material to the total air flow through the chamber 
on the basis of analyses of samples of the chamber 
atmosphere. 

Analytical vapor concentrations 
were checked repeatedly at intervals during the 
experimental period while the animals were in the 
chamber. At the two highest vapor concentrations 
studied, namely, 798 and 341 ppm, samples of the 
chamber atmosphere were absorbed in carbon di- 
sulfide in a bead-packed absorber which was im- 
mersed in a cold bath, and paradichlorobenzene was 
determined by infrared spectra analyses. This 
analytical method has been described in detail by 
Rowe, Atchison, Luce, and Adams.” At the lower 
vapor concentrations studied, paradichlorobenzene 
was determined by combustion of samples of the 
chamber atmosphere followed by titration of 
chloride by the micro Volhard method. 


Results of Analyses 


In expressing the results of the vapor 
inhalation experiments, the average vapor 
concentrations by analysis are specified. The 
results of analyses on various concentra- 
tions of paradichlorobenzene in the cham- 
bers employed are summarized in Table 1. 
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TABLE 1.—Results of Analyses on 
Air-Paradichlorobenzene Mixtures 


Average Concentration of 

Paradichlorobenzene by 
Analysis, 

Ppm Mg./L. 

732-848 48 

334-351 2.05 

151-188 1.04 

140-180 0.95 


85-110 0.58 


Range of Concentrations 
Found by Analysis, 


Mg./L. 
44 -5.1 
2.01-2.11 
0.91-1.13 


Ppm 


0.84-1.08 
0.51-0.66 


Results of Repeated Exposures 


Concentration: 798 Ppm (4.8 Mg. per 
Liter).—Groups of rats, guinea pigs, and 
rabbits of each sex were subjected to re- 
peated eight-hour exposures, five days a 
week, to this high concentration of paradi- 
chlorobenzene vapor. A number of the ani- 
mals were killed periodically during this 
experiment for histopathological examina- 
tion. A summary of data on the number 
of animals exposed, number of exposures 
which survivors received, and number of 
deaths occurring exclusive of those ani- 
mals killed is given in Table 2. Two of the 


TaBLe 2.—Summary of Data on Animals Exposed 
Repeatedly to 798 Ppm (4.8 Mg/L.) of 
Paradichlorobenzene Vapor 


Animal 
Species 


Rat 2 
Rat 2 
Guinea pig 2 
0 
3 


Exposures, 
vo. 


Deaths, 
No. 


Guinea pig 
Rabbit 
Rabbit 1 


rabbits which survived 62 exposures were 
allowed to recover for 17 days; recovery 
appeared to be complete. 

Symptomatology observed in the exposed 
animals included marked tremors, weakness, 
loss of weight, eye irritation, unkempt ap- 
pearance, and unconsciousness. A few of 
the animals were moribund when killed. 
Reversible, nonspecific eye ground changes 
were seen in the eyes of the rabbits, but 


Samples, - 
No. 
3 
9 
4 
12 96 
Animals, 
19 M 
15 F 
16 M 
: 7 F 
8 M 
8 F 
= 
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no lens changes or deposits in the vitreous days per week, for six months to an average 
were observed. Lens changes were not pro- concentration by analysis of 341 ppm of 
duced in rats or guinea pigs. paradichlorobenzene vapor. 

Microscopic examination of the tissues of The only positive findings at this concen- 
the exposed animals revealed slight to mod- tration consisted of a slight growth depres- 
erate changes in the liver characterized by sion in male guinea pigs, a slight increase 
cloudy swelling and central necrosis. In ‘in the average weight of the liver and kid- 
addition, slight cloudy swelling of the tubu- neys of male rats, and slight histologic 
lar epithelium of the kidneys of female rats changes in the liver of male guinea pigs 
was observed, and slight congestion and_ consisting of cloudy swelling, fatty degen- 
emphysema were found in the lungs of eration, focal necrosis, and slight cirrhosis 
two rabbits. in some of the animals. 

Concentration: 341 Ppm (2.05 Mg. per Concentration: 173 Ppm (1.04 Mg. per 
Liter).—Groups of 20 male rats and 8 Liter).—Groups of five rats, five guinea 
male and 8 female guinea pigs were given pigs, and one rabbit of each sex were ex- 
repeated exposures seven hours a day, five posed repeatedly 7 hours a day, 5 days per 


TABLE 3.—Final Average Body and Organ Weights from Rats That Received 
Repeated Seven-Hour Exposures to Paradichlorobenzene Vapor 


Vapor Final Ave. Average Organ Weights (Gm./100 Gm. Body Wt.) 


Conc., Rats, Exposures, Days, Body Wt., 
Ppm No. Sex No. No. Gm. Lungs Heart Liver Kidneys Spleen Testes 
Controls 5 M 0 16 204 0.75 0.40 2.59 0.79 0.24 1,31 
173 5 M 12 16 218 0.63 0.43 3.28t 0.91t 0.22 1.28 
Controls 5 F 0 16 162 0.68 0.46 2.88 0.78 0.27 
173 5 F 12 16 164 0.78 0.45 3.42t 0.94t 0.29 
Controls* 13 M 138 198 340 0.61 0.33 2.24 0.64 0.22 0.89 
158 7 M 139 199 338 0.64 0.33 2.46t 0.72t 0.20 0.91 
Controls* 13 F 138 198 208 0.73 0.39 2.50 0.75 0.26 
158 10 F 139 199 207 0.75 0.41 2.80t 0.81t 0.26 
Controls* 7 M 130 186 309 0.50 0.33 2.29 0.64 0.16 0.80 
96 9 M 126 182 311 0.54 0.33 2.43 0.70 ¢ 0.15 0.83 
Controls* 7 F 135 193 202 0.75 0.37 2.45 .72 0.20 
96 0 F 131 189 207 0.68 0.38 2.49 0.75 0.19 pee: 


* Air-exposed controls 
+ P=0.001-0.008 
t P20.05 


TABLE 4.—Final Average Body and Organ Weights from Guinea Pigs That Received 
Repeated Seven-Hour Exposures to Paradichlorobenzene Vapor 


Vapor Guinea Final Ave. Average Organ Weights (Gm./100 Gm. Body Wt.) 
Conc., Pigs, Exposures, Days, Body Wt., 
Ppm No. Sex No. No. Gm. Lungs Heart Liver Kidneys Spleen Testes 
Controls 5 M 0 16 507 0.83 0.38 3.88 0.87 0.19 0.47 
173 5 M 12 16 496 0.75 0.37 4.16 0.85 0.13t 0.49 
Controls 4 F 0 16 430 0.89 0.39 3.93 0.91 0.23 
173 5 F 12 16 417 0.91 0.40 4.03 0.88 0.18 
Controls* s M 110 157 892 0.60 0.28 3.34 0.70 0.13 0.54 
158 s M 110 157 797+ 0.65 0.28 3.46 0.72 0.16 0.52 
Controls* 8 F 110 157 911 0.64 0.25 3.59 0.70 0.15 pee 
158 8 F 110 157 824t 0.71 0.28 3.87 0.73 0.17 wads 
Controls* 7 M 138 197 865 0.64 0.27 2.95 0.63 0.13 0.47 
96 8 M 138 197 889 0.57 0.25 2.81 0.67 0.11 0.51 
Controls* 8 F 140 199 827 0.63 0.24 3.17 . 0.63 0.16 Soa 
96 7 F 140 199 835 0.69 0.24 3.46 0.61 0.13 etait 


* Air-exposed controls 
+ P=0.01-0.04 
t P=0.05—a very slight infectious hepatitis was observed on microscopic examination 


i, 


week, for 16 days to an average concentra- 
tion by analysis of 173 ppm of paradichloro- 
benzene vapor. Final average body and 
organ weight data for rats and guinea pigs 
are furnished in Tables 3 and 4, respec- 
tively. 

No adverse effects on growth or mortality 
were observed. A moderate increase in the 
average weight of the liver and kidneys of 
rats and a slight decrease in the average 
weight of the spleen of male guinea pigs 
occurred. Microscopic examination of the 
tissues of the exposed animals revealed 
slight changes in the lungs of the male rats, 
female guinea pigs, and female rabbit, con- 
sisting of slight interstitial edema and con- 
gestion in all of these animals and alveolar 
hemorrhage and edema in some of the ani- 
mals. Also, very slight congestion and 
granular degeneration were observed in 
some of the central areas of the liver of 
female rats. 

Concentration: 158 Ppm (0.95 Mg. per 
Liter).—Groups of 10 rats, 8 guinea pigs, 
and 1 rabbit of each sex plus 10 male mice 
and 1 female monkey were subjected to 
repeated 7-hour exposures, 5 days a week, 
to an average concentration by analysis of 
158 ppm of paradichlorobenzene vapor for 
periods ranging from 157 to 219 days. The 
control groups for the rats and rabbits had 
essentially double the number of animals of 
the groups exposed to paradichlorobenzene 
vapor. Final average body and organ weight 
data for rats and guinea pigs are furnished 
in Tables 3 and 4, respectively. 

No adverse effects on growth or mortality 
of rats, mice, rabbits, and monkey were 
found. There were no deaths among the 
guinea pigs, but slight definite depression 
of growth occurred in this species. The 
average weights of the liver and kidneys of 
male rats, of the liver of female rats, and 
of the liver of female guinea pigs were sig- 
nificantly increased. Microscopic examina- 
tion of the liver of the exposed animals 
disclosed a cloudy swelling or granular de- 
generation of questionable significance in 
the parenchymal cells in the central zones 
in the case of the rats. The remainder of 
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the organ weight and histopathological data 
were negative for the five animal species 
exposed repeatedly to 158 ppm of paradi- 
chlorobenzene vapor. 

Concentration: 96 Ppm (0.58 Mg. per 
Liter).—Groups of 10 rats, 8 guinea pigs, 
and 1 rabbit of each sex plus 10 female 
mice and 1 female monkey received repeated 
exposures seven hours a day, five days per 
week, to an average concentration by 
analysis of 96 ppm of paradichlorobenzene 
vapor for periods ranging from six to seven 
months. Final average body and organ 
weight data for rats and guinea pigs are 
provided in Tables 3 and 4, respectively. 

As judged by gross appearance, behavior, 
growth, mortality, organ weight studies, 
hematological data on female rats and on 
rabbits, qualitative urine tests on female 
animals of all species for blood, sugar, 
albumin, and sediment, terminal blood urea 
nitrogen values on female guinea pigs and 
on rabbits, and gross and microscopic ex- 
amination of the tissues, repeated exposures 
to 96 ppm of paradichlorobenzene vapor 
were without adverse effect on any of the 
animal species tested. 


Oral Administration Studies 
Procedures 


Solutions of paradichlorobenzene in olive oil 
were administered to young adult laboratory 
animals by stomach tube in all these studies except 
in the case of ducks where the compound was 
fed in the diet. Similar matched groups of con- 
trol animals were used in each repeated oral 
administration experiment, and they were treated 
the same as the experimental animals except that 
they did not receive paradichlorobenzene. The con- 
trol diets for the animals have been described 
previously by Adams, Spencer, Rowe, and Irish.t 

All surviving animals in the acute oral toxicity 
studies were observed for about two weeks until 
they had fully recovered from any loss of weight 
and were gaining normally. All surviving animals 
in the repeated oral administration experiments 
were autopsied one day after they received the last 
dose. 


Results of Oral Administration of Single Doses 


Rats—When_paradichlorobenzene was 
fed by stomach tube as a 20.0% and as a 


t References 24 and 25. 
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50.0% solution in olive oil to groups of 5 
to 15 young adult rats of mixed sex from 
the stock colony of this laboratory, single 
doses of 1.0 gm/kg. allowed the survival of 
all animals, and doses of 4.0 gm/kg. killed 
all animals. 

Guinea Pigs —When paradichlorobenzene 
was fed by intubation as a 50.0% solution 
in olive oil to groups of five guinea pigs of 
mixed sex, single doses of 1.6 gm/kg. al- 
lowed the survival of all animals, and doses 
of 2.8 gm/kg. killed all animals. 


Results of Repeated Oral Administration 


A. Short-Term Studies.—Rats: Groups 
of two young adult white male rats each 
were given repeated oral doses by stomach 
tube of a 10.0% solution of paradichloro- 
benzene in olive oil five days a week for a 
total of 20 doses. The dosage levels of the 
test material used were 10, 100, and 500 
mg/kg. Marked cloudy swelling and necro- 
sis in the central areas of the liver lobules 
and marked cloudy swelling of the renal 
tubular epithelium with cast formation were 
found at the high dosage level of 500 mg/ 
kg. The groups of male rats receiving 100 
and 10 mg/kg. of paradichlorobenzene 
showed no evidence whatsoever of adverse 
effects as judged by gross appearance, be- 
havior, growth, mortality, hematological 
data, and gross and microscopic examina- 
tion of the tissues. 

Ducks: Since Spencer, Rowe, Adams, 
and Irish*° found that certain alkyldini- 
trophenols readily induced cataract forma- 
tion in ducks when fed in the diet, it was 
decided to feed paradichlorobenzene to 
ducks in order to determine if this com- 
pound would produce cataracts in these 
birds. 

A group of 10 young white Peking ducks 
were fed a diet containing 0.5% of paradi- 
chlorobenzene for 35 days. The quantity of 
paradichlorobenzene administered was suffi- 
ciently toxic to retard growth and even to 
cause death in three of the ducks after 28 
days on the experimental diet. No cata- 
racts were produced. 


B. Long-Term Studies—Rats: Groups 
of 10 young adult white female rats each 
were fed aliquots of olive oil solutions of 
paradichlorobenzene by stomach tube 5 days 
a week for a total of 138 doses in 192 days. 
The olive oil solution was emulsified with 
about 2 ml. of a 5% to 10% acacia (gum 
arabic) solution in each instance. The ex- 
perimental groups of animals were main- 
tained on dosage levels of 18.8, 188, and 
376 mg/kg. of paradichlorobenzene, respec- 
tively. Another matched group of 10 female 
rats was fed a similar quantity of olive oil- 
acacia emulsion alone and served as a con- 
trol group for the experiment. 

At the high dosage level of 376 mg/kg. 
positive findings consisted of a moderate 
increase in the average weight of the liver, 
a slight increase in the average weight of 
the kidneys, and a slight decrease in the 
average weight of the spleen. In addition, 
microscopic examination of the liver re- 
vealed slight cirrhosis and focal necrosis. 

At the intermediate dosage level of 188 
mg/kg. a slight increase in the average 
weight of the liver and kidneys occurred. 
Hematological and bone marrow values for 
the rats were within the normal range at 
this dosage level of 188 mg/kg. 

There was no adverse effect detected in 
the rats at the low dosage level of 188 
mg/kg. of paradichlorobenzene. There were 
no cataracts produced. 

Rabbits: A group of five rabbits of 
mixed sex, both white and colored, were 
fed a 25.0% solution of paradichloroben- 
zene in olive oil by intubation for as many 
as 92 doses in 219 days at a high dosage 
level of 1000 mg/kg. Another similar group 
of seven rabbits received the test material 
5 days a week for a total of 263 doses in 
367 days at a lower dosage level of 500 
mg/kg. A group of control rabbits were 
fed 10 cc. of olive oil per dose and were 
used for comparative purposes. 

The quantity of paradichlorobenzene ad- 
ministered at the high dosage level of 1000 
mg/kg. caused some deaths. Loss of weight, 
definite to marked tremors, weakness, and 
slight changes in the liver characterized by 
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cloudy swelling and very few areas of focal, 
caseous necrosis were found at both dosage 
levels fed, namely, 1000 and 500 mg/kg. 
Hematological values for the rabbits were 
within the normal range at the lower dosage 
level of 500 mg/kg. of paradichlorobenzene. 
No cataracts were produced. 


Industrial Human Experience 


Sizable quantities of paradichlorobenzene 
have been manufactured and handled in in- 
dustrial operations over periods of many 
years, and considerable human experience 
has accumulated in the process. As of Dec. 
6, 1955, in this company 58 men had worked 
(generally 8 hours per day, 5 days a week) 
continually or intermittently on operations 
involving the handling of paradichloroben- 
zene for 8 months to 25 years, with an 
average of 4.75 years. 

Thorough industrial hygiene surveys of 
all plant operations on which these men 
had worked have been carried out. During 
each survey a number of spot samples of 
the workroom atmosphere were collected 
and analyzed for vapor concentrations of 
paradichlorobenzene. The first survey was 
made during representative operations in 
the plant, and the results of analyses of 62 
air samples showed concentrations ranging 
from 10 to 550 ppm, with an average of 85 
ppm of paradichlorobenzene. A faint odor 
was noted at 15 to 30 ppm, and the odor 
became strong at 30 to 60 ppm. Painful 
irritations of the eyes and nose were re- 
corded at 80 to 160 ppm; at concentrations 
greater than 160 ppm of paradichloroben- 
zene the air became irrespirable for unac- 
climated_ persons. 

The second survey was made some time 
later with essentially the same equipment 
and operating procedures. The data 
gathered fall into two separate groups which 
may be described as follows: 

(a) Exposures recognized as uncomfortable by 
acclimated persons, some of whom wore respi- 
rators while others did not. Fifteen air samples 
collected under these conditions showed concen- 
trations ranging from 100 to 725 ppm, with an 
average of 380 ppm of paradichlorobenzene. This 
particular recurrent job was done by persons who 
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normally worked under conditions indicated by the 
second group of data below. The environment 
described above could not be tolerated by the un- 
acclimated person without wearing a gas mask. 

(b) Exposures which were acceptable to the 
workmen. Thirty-two air samples obtained during 
these operations showed concentrations ranging 
from 5 to 275 ppm, with an average of 90 ppm. 

The third survey was made after a rather 
extensive revision of the operating proce- 
dures and equipment resulted in lower con- 
centrations of paradichlorobenzene in the 
atmosphere. Following these changes an 
increase in the number of complaints of eye 
and nasal irritation by the workmen oc- 
curred. Twenty-one air samples were col- 
lected under conditions which gave rise to 
such complaints and showed concentrations 
of paradichlorobenzene ranging from 50 to 
170 ppm, with an average of 105 ppm. 
Twenty-five air samples were gathered 
under conditions which caused no com- 
plaints and revealed concentrations ranging 
from 15 to 85 ppm, with an average of 45 
ppm. 

All men employed in these operations 
have received careful, thorough medical ex- 
aminations from time to time. These exam- 
inations included blood counts (RBC, 
WBC, and differential), determinations of 
hemoglobin, blood urea nitrogen, hemato- 
crit, mean corpuscular volume, and_ sedi- 
mentation rate and urinalysis. No evidence 
of erganic injury or of untoward hemato- 
logical effects attributable to exposure to 
paradichlorobenzene has been found in these 
workmen. The eyes of the employees re- 
ceived special attention and were examined 
very carefully, because one report in the 
medical literature had alleged that paradi- 
chlorobenzene might have been connected 
in some manner with cataract formation 
observed in two nonindustrial clinical cases. 
It was determined that this compound has 
never produced any lens changes in em- 
ployees of this company. 

Effect on the Eyes and Nose.—Solid par- 
ticles of paradichlorobenzene are painful in 
the eyes. Vapors or fumes that are painful 
to the eyes and nose may be encountered 
when paradichlorobenzene is heated or when 


| 
4 
3 4 
|__| 


TOXICITY OF PARADICHLOROBENZENE 


relatively large amounts of the solid are 
exposed to the air of poorly ventilated 
spaces. To most persons this painful effect 
becomes evident at a vapor concentration 
between 50 and 80 ppm and becomes severe 
at a concentration of about 160 ppm. 
Several years ago it was noted that persons 
gradually could become acclimated after 
working repeatedly and for prolonged 
periods on operations involved in handling 
paradichlorobenzene; these acclimated per- 
sons might not notice pronounced irritation 
to the eyes and nose until concentration 
levels well above those tolerated by unaccli- 
mated persons were reached. However, as 
commonly occurs in nearly all well-managed 
operations, process improvements were 
adopted at intervals, and less opportunity 
of encountering uncomfortable concentra- 
tions was assured. As a matter of fact, dur- 
ing the last few years no persons in this 
company have become acclimated to this 
material, and there are definite indications 
that the “old-timers” have lost much of 
their acquired tolerance. 

Effect on the Skin.—Solid paradichloro- 
benzene has a negligible irritating action on 
the intact, uncovered skin. It does produce 
a burning sensation when held in close con- 
tact with the skin for an excessive period 
of time. There is no hazard from absorp- 
tion of the solid material through the intact 
skin. Warm fumes or strong solutions of 
paradichlorobenzene may irritate the intact 
skin slightly on prolonged and repeated con- 
tact. In general, this material presents no 
skin irritation problem unless exposures are 
unusually severe and prolonged. 


Comment 

The results of our studies together with 
those of Pike,® Zupko and Edwards,® Bal- 
lotta and Mattioli,” and Teramoto have 
provided substantial evidence that paradi- 
chlorobenzene does not produce cataracts in 
laboratory animals or man by inhalation or 
ingestion. In view of these findings it is 
reasonable to examine closely the report of 
3erliner,* who expressed a different opin- 
ion, in order to offer a possible explanation 


of his observations. Since the identity, 
source, and purity of the material involved 
in the experiments and clinical reports of 
Berliner were not determined, it is likely 
that the preparation used by this author 
contained materials other than paradichloro- 
benzene, probably naphthalene. In strong 
support of this explanation is the well- 
known fact, apparently first reported by 
Bouchard and Charrin ** in 1886 and con- 
firmed by numerous investigators including 
Pike,®> that naphthalene readily produces 
cataracts in rabbits when ingested. Further- 
more, a few human cases of cataract have 
been reported by Caspar,?* Hoeve,?* and 
Letzenius,** in which naphthalene was ad- 
ministered therapeutically or was acting as 
an external irritant. 

Azouz, Parke, and Williams § gave para- 
dichlorobenzene orally to rabbits, studied 
the metabolism of this compound, and re- 
ported that mercapturic acids were not 
formed. Baumann,'' found that paradi- 
chlorobenzene does not form a mercapturic 
acid when administered to dogs; the reason 
for this fact was explained by Williams 
who noted that, since the para position is 
occupied in the structure of paradichloro- 
benzene, the normal conjugation of the 
acetyleysteine. group in the para position to 
the halogen is prevented. Next, an under- 
standing of the mechanism of cataract for- 
mation by naphthalene is essential not only 
for its intrinsic value but also because this 
mechanism is not operdtive in the case of 
paradichlorobenzene. reviewed 
the metabolic factors in cataract formation. 
Merriam and Kinsey || studied the metab- 
olism of normal and cataractous rabbit lens. 
Bourne and Young * observed that naph- 
thalene is excreted as a mercapturic acid 
when administered orally to rabbits. There- 
fore, naphthalene requires cysteine for its 
detoxication and apparently interferes with 
the metabolism of the lens of the rabbit by 
depriving it of cysteine and glutathione or 
by inhibiting the synthesis of glutathione 
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and protein in the lens from their constit- 
uent amino acids. Finally, since paradi- 
chlorobenzene does not require cysteine for 
its detoxication, the metabolic fate of para- 
dichlorobenzene provides additional rather 
conclusive evidence that this compound 
would not be expected to produce cataracts 
in rabbits. 

The philosophy of the standards of indus- 
trial hygiene has been discussed in an earlier 
article from this laboratory. In con- 
formance with this philosophy, an industrial 
hygiene standard of 75 ppm is recom- 
mended for paradichlorobenzene. 


Summary and Conclusions 


A review of the toxicological literature 
on paradichlorobenzene is presented. In 
general, this compound has a low acute tox- 
icity and a moderate chronic toxicity by 
inhalation and oral administration for lab- 
oratory animals. Vapor concentrations of 
paradichlorobenzene greater than those that 
the average man will voluntarily tolerate are 
capable of producing adverse effects when 
breathed repeatedly by animals. The meta- 
bolic fate of paradichlorobenzene in animals 
is compared with that of naphthalene; this 
comparison is highly desirable, because 
naphthalene has produced cataracts when 
swallowed by rabbits, and an explanation 
of this effect is offered. 

Paradichlorobenzene does not produce 
cataracts in laboratory animals or man. 

Results of experiments on groups of rats, 
guinea pigs, and rabbits exposed repeatedly 
seven or eight hours a day, five days a 
week, for as long as six months to average 
concentrations by analysis of 798, 341, or 
173 ppm of paradichlorobenzene vapor are 
reported. At the high vapor concentration 
of 798 ppm pronounced toxic effects were 
noted. Positive findings at the lower con- 
centrations of 341 and 173 ppm of this 
compound included statistically significant 
increases in the average weights of the liver 
and kidneys of rats and slight changes in 
the lungs and liver as revealed by micro- 
scopic examination. 
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When groups of animals were subjected 
to repeated seven-hour exposures to para- 
dichlorobenzene vapor, five days a week, 
for periods ranging from five to seven 
months, mice, rabbits, and monkey tolerated 
158 ppm and rats and guinea pigs tolerated 
96 ppm without adverse effects. 

The vapor of paradichlorobenzene has 
fairly good warning properties, because it 
is painful and irritating to the eyes and 
nose of most persons at concentrations be- 
tween 50 and 160 ppm. If the warning 
properties are not ignored, they can be re- 
lied on to prevent excessive vapor exposures 
in unacclimated persons. 

An industrial hygiene standard of 75 ppm 
is recommended for paradichlorobenzene. 
This standard is based upon the results of 
the repeated vapor inhalation experiments 
on laboratory animals and clinical examina- 
tions of industrial employees reported 
herein. 

Solid paradichlorobenzene is painful in 
the eyes, has a negligible irritating action on 
the intact, uncovered skin, and presents no 
hazard from absorption through the intact 
skin. 

Paradichlorobenzene has a low acute oral 
toxicity for rats and guinea pigs; single 
doses of 1.0 gm/kg. fed to rats and of 1.6 
gm/kg. fed to guinea pigs allowed the sur- 
vival of all animals. 

Paradichlorobenzene has a moderate 
chronic oral toxicity for rats, ducks, and 
rabbits. 

It is concluded that paradichlorobenzene 
is safe and suitable for the extensive uses 
for which it is recommended. 
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of Methemoglobinemia 


A. F. MANGELSDORFF, M.D., Bound Brook, N. J. 


The inhalation of the fumes or dust, the 
ingestion of the compound, or the contact 
by skin absorption of any of the aromatic 
nitro or amino compounds may result in a 
chemical change of the blood oxyhemoglobin 
into methemoglobin. This blood pigment, 
methemoglobin, has a dark brown color. Its 
presence in the blood stream gives the pa- 
tient a cyanotic appearance. The depth of 
cyanosis depends upon the amount of oxy- 
hemoglobin that is changed into methemo- 
globin. This results in a dusky appearance 
of the skin, a blue color of the lips, finger- 
nails, conjunctiva, and tongue. 

In this paper I shall limit myself to a 
discussion of the treatment of this cyanosis 
caused by the aromatic nitro or amino com- 
pounds. 

In the chemical processes in which the 
liquid members of this family, such as 
aniline or nitrobenzene are used, closed 
systems of operation are advocated. There 
no contact can be made with the chemicals 
and, barring accidental breaks in lines or 
procedures, no cyanosis will result. With 
the solid members of the group, care must 
be taken to avoid skin contact or soiling of 
clothing with the material. Respirators must 
be worn if there is any dust. Rubber gloves 
are essential in handling any of these com- 
pounds, either liquid or solid. Rubber foot- 
wear is also required. Fumes and vapors 
must be avoided and not breathed. The 
same symptoms will occur no matter what 
the portal of entrance may be, whether from 
inhalation of fumes, mist, vapors, or dust, 
from skin contact with the liquids or solids, 
or from ingestion. 
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If by accident an employee is splashed, 
sprayed, or dusted with one of the aromatic 
nitro or amino compounds and he develops 
methemoglobinemia or “blue lips,” our im- 
mediate concern is to cure him of his 
cyanosis and restore him to “normal.” On 
his arrival at the Medical Department 
our standard preliminary procedure! 
is set in motion. The man is immediately 
stripped of all clothing, put in a warm water 
shower, and given a cake of soap and a 
scrub brush. We see that he is washed 
thoroughly so as to remove any of the 
offending compound which might be on his 
skin. This is especially important about the 
hands, feet, nails, and any other areas of 
contact. The man is then put to bed. A 
technician takes a blood sample to determine 
the amount of methemoglobin present in his 
blood. Sweetened drinks are supplied to 
the man, and he is made comfortable. If 
he has a headache, oxygen inhalation is 
given to him. Further treatment depends 
upon the symptoms he exhibits and the level 
of the methemoglobinemia found on exam- 
ination of the blood sample. 

In mild cases, showing 30% or less 
methemoglobinemia, bed rest, sweetened 
drinks, advice regarding abstinence from 
alcoholic drinks, and watchful care are the 
only treatment Those cases 
which have more than 30% methemoglo- 
binemia require a decision as to further 
treatment. In our experience, following the 
preliminary treatment described above, there 
are three possible methods of treatment 
available. 

First, a “watchful waiting” attitude can 
be assumed, the physician being ready to 
give additional treatment at once, if neces- 
sary, but continuing to follow the course of 
the methemoglobinemia by frequently re- 


necessary. 


peated blood samples. Inspection of Figure 
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1 will graphically show the normal rate of 
conversion. The average maximum rate of 
regeneration of hemoglobin from methemo- 
globin was, according to Warburg and asso- 
These 
investigators further state, “This may be 
looked upon as the rate at which the enzyme 


ciates,? 0.03 vol. % per minute. 
80 
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PERCENT METHEMOGLOBIN 


Fig. 1—Rate of recovery after treatment by 
observation. Case 1 is indicated by curve with 
circles; Case 2 is indicated by curve with “X’s”; 
Case 3 is indicated by curve with squares. 


systems in the erythrocytes are able to re- 
duce methemoglobin.” It should be noted 
that in all these cases the methemoglobin 
level had fallen below 10% in less than 20 
hours and continued to fall. The following 
are brief résumés of the cases selected to 
demonstrate the “watchful waiting” ap- 
proach to the treatment of methemoglobi- 
nemia after use of our preliminary 
procedures. These cases were selected as 
being representative of the many others 
which were common prior to our improved 
hygiene program. 

Case 1.—This worker was wearing canvas 
gloves, contrary to instructions, while shoveling a 
product containing an excess of aniline oil. He 
reported to the Medical Department complaining 
of a slight headache. Inspection showed his lips, 
tongue, and conjunctiva to be cyanosed. The pre- 


liminary procedure was instituted. A methemo- 
globin determination showed 43%. The man was 
given oxygen inhalations for his headache. About 
five hours later his color had improved. He felt 
much better. A reading of 27% methemoglobin 
was obtained. Twelve hours later he had no com- 
plaints. He had had a good sleep, and his color was 
normal. A methemoglobin determination showed 
5%. He returned to work. 

Case 2.—This man was working with hot para- 
toluidine. He breathed in these fumes. 
His foreman sent him to the Medical Department. 
He felt fine and had no complaints. Inspection 
of him showed a marked degree of cyanosis. He 
was given a shower and put to bed. Sweet drinks, 
ice cream, and cakes were forced on him. The 
methemoglobin determination showed 50%. Three 
later he still felt well. His color had 
improved, but he was still cyanosed. The methemo- 
globin determination read 28%. He rested com- 
fortably and slept. Three hours later the methemo- 
globin determination was 10%. After six more 
hours of rest and sleep the reading of the amount 
of methemoglobin was 8%. He returned to work 
on an outside job. 


some of 


hours 


Case 3.—This employee was repairing an ani- 
line oil pipeline. He got some of the aniline oil 
in his gloves. He reported to the Medical Depart- 
ment with a slight headache. Inspection of him 
showed his lips, ears, and tongue to be markedly 
cyanosed. The usual preliminary procedure was 
carried out. A determination 
showed 50%. Two hours later the methemoglobin 
determination was 30%. His head still ached and 
felt heavy. His color was improved. An hour and 
a quarter later the methemoglobin reading was 
25%. The man rested very comfortably and slept. 
Twelve hours later he felt fine. He had no head- 
ache, and his color was normal. The methemo- 
globin determination showed 0%. 


methemoglobin 


The second method of treatment is used 
when the methemoglobin level is above 50% 
the 
described preliminary treatment, of the in- 
of 1000 cc. of dextrose 
We have found that this 
may be helpful. An examination of Figure 


and consists, in addition to above- 


troduction 5% 
intravenously. 


2 will show that the rate of conversion from 
methemoglobin to oxyhemoglobin is slightly 
faster when administered 
dextrose is used to speed up the normal 
reversible It will be noted that 
these cases showed less than 10% methemo- 
globin in less than 18 hours, even though 
the amount of methemoglobin was 20% 


higher at the start of reconversion. Follow- 


intravenously 


process. 


149 


60 
50 
40 mG - 0 
sc - xX 
- 
30 
20 
0 5 10 5 20 25 a 
2 
HOURS 
3 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


80 
RATE OF RECOVERY 

60 
= 
Ss TREATMENT BY INTRAVENOUS 
50 
8 GLUCOSE 
= 
= Am - 0 
= 
= » es 
[- 4 
= 

20 

10 


Fig. 2.—Rate of recovery after treatment with 
intravenously administered dextrose. Case 4 is 
indicated by curve with “X’s”; Case 5 is indicated 
by curve with circles; Case 6 is indicated by curve 
with squares. 


ing are résumés of the cases selected to 
demonstrate the effectiveness of the intra- 
venous dextrose treatment of methemo- 
globinemia resulting from aromatic nitro 
or amino compounds. These cases also 
were selected as those which we believe are 
characteristic of the response to this type of 
treatment. 

Case 4—This worker was distilling phenyl- 
hydroxylamine when it splashed on his face and 
arms. He immediately was thoroughly cleansed 
and washed. About an hour later he was markedly 
cyanosed. He had no complaints aside from his 
burns. A methemoglobin determination read 60%. 
He was put to bed, and preparations were made 
for giving him 1000 cc. of 5% dextrose. Following 
the administration of this medication and approxi- 
mately three hours later a repeat determination 
showed 54% methemoglobin. At the fifth hour the 
reading was 48%. Three hours subsequently the 
reading was 39% methemoglobin. At the 10th 
hour the methemoglobin determination read 23%. 
The man’s color was much improved, although he 
still looked cyanosed. He had no complaints and 
felt fine. He slept for four hours, after which 
time a methemoglobin curve showed 5%, and his 
color was back to normal. Six hours later he re- 
turned to work with no complaints, feeling and 
looking fine. 
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Case 5.—This employee was working with 
paranitroaniline. He was sent to the Medical 
Department by his foreman, because he stated that 
he felt weak, dizzy, had a severe headache, and 
ached all over. Examination of him showed that 
he was very markedly cyanosed and was sweating 
profusely. The preliminary procedure was insti- 
tuted. A methemoglobin reading was 73%. He 
was put to bed, and 1000 cc. of 5% dextrose was 
administered intravenously. Oxygen inhalations 
were given to ease his headache. Two hours later 
he was still quite restless, dizzy, and complained 
of his headache. A methemoglobin curve showed 
70%. His color was a deep blue. At the fourth 
hour a methemoglpbin determination showed 64%. 
He still complained of his headache. The oxygen 
inhalations were continued. Two hours later a 
methemoglobin curve read 55%. He was resting 
more comfortably and sleeping at intervals. Three 
hours later a methemoglobin determination read 
35%. His headache was improved, and he was 
less deeply cyanosed. At the 13th hour he felt much 
better; his headache was gone, he was sleeping at 
intervals, and the methemoglobin determination 
showed 23%. Four hours later the methemoglobin 
reading was 13%. After a lapse of another four 
hours a methemoglobin determination showed 7%. 
The man felt well, had no headache, and returned 
to an outside job. 

Case 6.—This man was working in paratoluidine 
fumes. He may have got some of the material 
on his hands through a torn glove. He reported 
to the Medical Department, complaining of a 
headache and profuse sweating. Inspection of him 
showed he was very cyanotic. He was given a 
shower, his hands and feet were scrubbed, and he 
was put to bed. A methemoglobin determination 
showed 50%. He was given 1000 cc. of 5% 
dextrose intravenously. Three hours later the 
methemoglobin determination was 38%. His color 
had improved; he had no complaints and no head- 
ache. Ten hours later he felt fine. His color was 
good, and there were no complaints. His methemo- 
globin determination read 13%. At the 15th hour 
another methemoglobin determination showed 5%. 
The man returned to work. 

Onr third method of treatment is advo- 
cated with very high levels of methemo- 
globin. In these cases prompt treatment 
with any agent that will reduce the methe- 
moglobinemia is essential. Many things have 
been tried, but one which has been found 
most acceptable is methylene blue.* Dr. 
Sroka® states, “In severe methemoglobin 
cyanosis, intravenous injections of 10-20 ce. 
of 1% methylene blue solutions are rou- 
tinely recommended.” Dr. O. Bodansky ® 
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also reports: “When the degree of methe- 
moglobinemia is so pronounced that semi- 
stupor or unconsciousness is present, an 
emergency exists and treatment must be 
prompt. The chief feature of treatment 
consists in the intravenous injection of 
methylene blue in a dose of 1 to 2 mg. per 
kg. body weight.” Accordingly we are cau- 
tiously trying this course of treatment 
clinically in the occasional severe cases of 
methemoglobinemia (i. e., those showing 

% or more methemoglobin). However, 
the few cases in our experience showing 
60% or more methemoglobin were treated 
by intravenously administered dextrose and 
responded well. Their methemoglobin levels 
were below 10% in 24 hours or less. We 
have tried 10 cc. of a 1% solution of 
methylene blue administered intravenously. 
Figure 3 shows the increased speed of 
change from methemoglobin, but there will 
be noted at the fourth hour a rise in the 
methemoglobin reading. The details of this 
case are as follows. 
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_ Fig. 3—Rate of recovery after treatment with 
intravenously injected methylene blue (Case 7). 


Case 7.—This employee was shoveling aniline 
oil sludge from the yard area into a dumpster box. 
He had hosed down the area and thought he 
might have got splashed with some aniline water. 
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He reported to the Medical Department, com- 
plaining of headache and marked cyanosis. Our 
preliminary procedure was carried out, and oxygen 
inhalation was given to him for his headache. 
A methemoglobin level of 52% was found. Ten 
cubic centimeters of a 1% solution of methylene 
blue was given intravenously. One hour later the 
methemoglobin reading was 43.5%. At the end of 
another hour his general condition improved; his 
color was good, and he had no headache. The 
methemoglobin reading was 11%. Soon after this 
the man became restless; his headache returned, 
and a methemoglobin reading at the third hour 
showed 21%. Oxygen inhalations relieved his head- 
ache and made him more comfortable. Following 
an hour’s observation his methemoglobin reading 
was 24.5%. At this time a repeat dose of methy- 
lene blue probably would have lowered the methe- 
moglobin further. Because of the relatively low 
reading we decided to “watch and wait.” After an 
hour the methemoglobin reading was 21%. The 
man’s headache was improved, and he slept quietly. 
Twelve hours later he looked and felt fine, and 
he had no complaints. The blood sample showed 
a methemoglobin reading of 2%. He returned to 
work. 

Having demonstrated the results of the 
three methods of treatment which in our 
experience are useful in the cure of the 
cyanosis resulting from absorption of 
aromatic nitro or amino products, I should 
like to compare the results obtained in each 
case. 

It will be noted that all the curves reached 
a point that was below 10% methemoglobin 
in less than 20 hours. Roughly, by the first 
“watch and wait” procedure 18 hours were 
required; by the second intravenous dex- 
trose method approximately the same time 
was required, although the original methe- 
moglobin level was higher by approximately 
20%; and by the use of methylene blue 
four or five hours were needed. We must 
agree with W. B. Wendel ® that “the ability 
of methylene blue to accelerate the reduc- 
tion of methemoglobin in vivo has been well 
established.” 

Our only concern in the treatment of 
these cases has been whether or not the use 
of an intravenous dye, such as methylene 
blue, is justified. Sroka® states, “Even 
though use of methylene blue should be 
questioned because of its toxic nature, it is 
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the most serviceable drug for methemo- 
globin detoxification.” 

I should like to consider further some of 

the experimental work that has been done 
with the use of methylene blue. W. B. 
Wendel and M. L. Hefley* found that 
“over a period of a week or 10 days follow- 
ing intravenous injection of methylene blue 
into dogs, there occurs a decrease in the 
oxygen capacity of the blood and a corre- 
sponding decrease in red blood cell count.” 
They further state, “The absence of hemo- 
globinuria and hematinuria during the entire 
period following dye injection indicates that 
there is no immediate massive destruction 
of cells in the circulation.” This had also 
been reported in 1924 by Dr. E. Huyghe- 
baert * who stated: “Contact of red cells by 
methylene blue produced a very distinct 
hemolysis at the end of a period varying. 
from three to six hours. There is indubi- 
tably a direct action by the methylene blue. 
The contact of the blue alone with the cells 
produced a distinct cell destruction accord- 
ing to the intensity of concentration. The 
red cell destruction indicates an aging, an 
increased fragility, perhaps a preliminary 
affection of the stroma. After one or two 
days the resistance of the circulating red 
blood cells is broken, and they succumb to 
a beginning hemolysis.” 

S. S. Spicer and E. C. Thompson * found 
that “in addition, such agents [methylene 
blue] often produce Heinz bodies in the red 
blood cells” and that “contrasted with the 
suppression of methemoglobin is the five- 
told increase in Heinz body formation re- 
sulting from administration of the dye.” In 
their experiment on cats these observers re- 
ported: “After receiving aniline and methy- 
lene blue, two of three cats underwent 
extreme intravascular hemolysis and died. 
Blood pigments were found in the plasma 
and the urine, and large amounts of brown 
sediment were noted in the urinary bladder 
and renal pelvis.” 

J. E. Nadler, H. Green, and A. Rosen- 
baum * reported on “The Intravenous In- 
jection of Methylene Blue in Man with 
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Reference to Its Toxic Symptoms and Ef- 
fects on the Electrocardiogram.” They 
concluded: “The harmful effects of methy- 
lene blue are not associated essentially with 
methemoglobin but are rather attributed to 
disorder of function due to the direct action 
of the drug itself. The electrocardiogram 
studies show that methylene blue produces 
a reduction in the height or even reversal of 
the ‘T’ wave, frequently with lowering of 
the ‘R’ wave. This suggests depression of 
the ventricular musculature.” These au- 
thors therefore wished to point out that the 
indiscriminate use of methylene blue may 
produce unpleasant results and be danger- 
ous to the patient. 

George Crisler 1° concluded from his ex- 
periments on pups and rats that he “felt 
forced to join the ranks of those who deem 
methylene blue contraindicated in cases of 
carbon monoxide poisoning or any other 
condition in which the margin of safety 
of hemoglobin concentration has already 
been encroached upon.” 

From the experimental work cited above, 
it must be agreed that the indiscriminate 
use of methylene blue may cause destruction 
of red blood cells, with a resulting pro- 
gressing anemia, and that some of the blood 
pigment may be lodged in the kidney or 
urinary bladder. Also, Heinz bodies may 
be formed in the red blood cells out of all 
proportion to the poisoning with aromatic 
nitro or amino compounds. Therefore, we 
do not feel justified in the use of any intra- 
venous dye, such as methylene blue, espe- 
cially when it has been demonstrated that 
in cases receiving no special treatment or 
in those being given dextrose intravenously 
the methemoglobinemia returns to a normal 
level within a relatively short period of 
time, namely, 18 to 20 hours. The only 
justifiable use for a drug or a dye as 
dangerous as methylene blue would be in 
those cases of methemoglobinemia which 
are extremely high—over 60% methemo- 
globin—where rapid reduction of the methe- 
moglobin would be an advantage, and then 
only by the use of small amounts to hasten 


the reduction. 
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Conclusion 


A preliminary method of treating all cases 
of poisoning from aromatic nitro or amino 
compounds has been presented. 

In cases showing methemoglobinemia 
30%, three methods of treatments 
are advocated: (a) watchful waiting; (b) 
intravenously administered dextrose, and 
(c) intravenously injected methylene blue. 

Because a methemoglobinemia of mod- 
erate degree returns to normal usually 
within 20 hours, no drastic treatment is 
necessary. 


above 


Methylene blue or other reducing com- 
pounds should only be used in severe cases 
of methemoglobinemia and then with cau- 
tion. 
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I. Introduction 


Air-pollution studies often require at- 
mospheric concentration 
which can be identified with certain speci- 
fied wind-direction conditions. To meet 
one such need in studies of particulate con- 
tamination, a directional dust-fall collector 
has been developed at Battelle Memorial In- 
stitute.. The sampling of gaseous and fine 
particulate material with the use of filters 
and liquid scrubbers was recently required 
by a Stanford Research Institute study, and 
the directional air sampler described in this 
report was developed. 


II. Description 

The requirements which the directional 
air sampler had to meet were several in 
number. It was desired to obtain two 
samples at each installation, each sample to 
be identified with wind out of 180 degree 
sectors, e. g., one sample taken only with 
easterly winds from 0 degree to 180 de- 
grees and one sample exposed only to west- 
erly winds from 180 degrees to 360 degrees. 
The instrument had to be self-contained with 
regard to power. It had to be simple and 
rugged and to require a minimum of main- 
tenance. On the other hand, the area in 
which the study was to be conducted was 
windy enough so that the stall speed of 
the instrument was not critical and calm 
conditions did not need to be considered. 

The directional sampling unit which was 
developed to meet these requirements con- 
sisted of a gasoline motor-driven pump and 
wind-vane-actuated valves which switched 
impinger-type scrubbers (frequently pre- 
ceded by filters) on and off according to 
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measurements: 


the 180 degree sector from which the wind 
was blowing. A schematic diagram of the 
unit is shown in Figure 1. The valve-and- 
vane electrical circuits are diagrammed in 
Figure 2. 


VANE 


DIRECTIONAL 
COMMUTATOR 


NORTHERLY CONTACT 


SOUTHERLY CONTACT ~ 


BATTERY 


| 


SOUTH) 


METER 


VALVES 


*SELEC TOR 


BUBBLER 


Fig. 1—North-south directional air sampler, 
schematic. 


The gasoline motor is a 34 h. p. four- 
cycle engine fitted with a special 2 gal. tank; 
it drives a Leiman 10Z-B-4 pump. This 
unit has been used to pump up to 3c. f. m. 
of air for extended periods of time. The 
pumping rate used with the directional 
samples was about 1 c. f. m. The motors 
were serviced for gasoline and oil on a 
12-hour schedule. The gas meters were 
used to determine total sample volume, and 
it was assumed that the pumping rate was 
uniform over the sampling period. Re- 
peated checks have shown that this is a 
reasonable assumption. Thus, the air vol- 


| 
O = 


ume pumped through each meter indicated 
the proportion of wind from each of the 
two sampled directions. 


WIND DIRECTION 
TRANSMITTER 


SWITCHING 
RELAY 


AIR AIR | 
CONTROL CONTROL 
VALVE VALVE | 


VALVE CONTROL BOX 

Fig. 2.—Circuit diagram, directional air sampler. 

The vane-and-valve mechanism shown in 
Figure 2 switched the pump onto one of 
two scrubbers and meters by opening and 
closing the valves in response to the wind- 
vane-transmitter. The valves are automatic- 
control gas valves of the type usually used 
in domestic furnaces and heaters * and can 
be operated from a 1.5 volt dry-cell battery. 
The method of operation of these valves 
when used on a vacuum system, as in the 
directional sampler, is shown in Figure 3. 
As shown in the upper diagram, the valve 
is closed when the electromagnet is not 
energized, and vacuum drawn by the pump 
aids in holding the diaphragm in the closed 
position. The lower diagram shows the 
valve in the open position which occurs 
when the electromagnet is energized. This 
opens the vent port, applying a lower pres- 
sure to the top of the diaphragm and open- 
ing the valve. The valves used in the present 
samplers were operated continuously for a 


* General Controls, Glendale, Calif., Type B-60 
gas valve. 
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ELECTROMAGNET 


| \ VENT PORT 


DIAPHRAGM 


ARMATURE 


PRESSURE PORT 


OPEN POSITION 

Fig. 3.—B-60 valves in open and closed positions, 
schematic. 
period of several months with very little 
trouble, even though their operation on a 
vacuum system was a great deal different 
from the system for which they were de- 
signed. 

The wind-direction transmitter is shown 
in Figure 4. It consists of a simple arrow- 
type vane carried on a_bearing-mounted 
shaft and making electrical contact with a 


VANE SHAFT 


RAIN SHIELD OVER 
UPPER SHAFT BEARING 


INSULATOR BUSHING 


DIRECTIONAL 
CONTACT BRUSH 
COMMON LEAD SPLIT RING 
COMMUTATOR ~ — DIRECTIONAL 
COMMUTATOR 
COMMUTATOR 
SECTOR CONTACT 
TERMINALS COMMON LEAD 
CONTACT BRUSH 
LOWER SHAFT 
COMMUTATOR BEARING 
SUPPORT CASE — 
LEADS 
— BASE 
4 
TRANSMITTER 
CASE 


THREADED PIDE COUPLING 


Fig. 4.—Wind-direction transmitter, directional 
air sampler. 
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sectored ring through a brush-and-sliding 
contact arrangement. 

The circuit in Figure 2 illustrates the 
mode of operation used in the switching 
from one valve to the other. The vane was 
used to switch in or out an SPDT relay + 
which, when energized, would in turn com- 
plete the circuit to the electromagnet in one 
of the valves and cause the valve to open. 
When the vane rotated and opened the relay 
circuit, the second valve was switched into 
the circuit and opened, while the previously 
opened valve closed when the current was 
taken off the electromagnet. It was possible 
to operate the unit for about a month on 
a single set of dry-cell batteries. 

This is only one of several circuits which 
could accomplish the task of switching the 
valves. It is more complicated than was 
absolutely necessary. The relay is incor- 
porated in the circuit so that there will 
always be one valve open, since, if the 
valves are switched directly by the vane 
through the slider and sector ring contacts, 
there is some possibility of having neither 
valve actuated if the slider should come to 
rest on the insulating separators between 
the contacting sectors of the sector ring. 
Thus, using the relay made the design of the 
direction transmitter much less critical. 
Three separate batteries were used in the 
circuit to extend the time between battery 
changes and to prolong the service of indi- 
vidual batteries by operating them under 
intermittent rather than continuous load con- 
ditions. 

The area of operations was covered with 
low brush and did not require a high mast 
for the vane. The support for the vane was 
17% ft. long and, for ease in carrying, was 
made from two sections of pipe, one 7 ft. 
and one 10% ft. long. The base was a pipe 
flange fitting. The mast was held in place 
by the weight of the pipe and the tension 
from three guy wires rather than by being 
firmly anchored to a supporting base. The 
motor, pump, and sampling units were 


+ Kurman Electric Co., Long Island City, N. Y., 
SPDT relay 1 ma. D. C. coil. 
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covered by locked wire cages to guard 
against tampering. The units could be set 
up or taken down by two men in about 30 
minutes and were moved in a light truck or, 
when the cages were not necessary, in a 
regular sedan. The units were serviced on 
a 12-hour schedule. This service required 
about 15 minutes; it consisted of filling the 
gasoline tank and checking or changing the 
oil in the motor, recording the meter read- 
ings, checking or changing the scrubber 
bottles, and checking the operation of the 
valves and the relay. 


III. Comment 


Four units were built and operated on 
a continuous basis for several months. 
Other than the expected battery changes, 
field maintenance over the three months of 
service consisted*of cleaning relay contacts, 
replacing one pair of valves, and repairing 
a transmitter contact. A feature which 
would have been convenient was a small 
voltmeter which could be switched into the 
various circuits to give a positive check on 
battery conditions. While the present in- 
terest was in dividing the air concentrations 
into only two sectors, there seems to be no 
reason why, with a properly designed trans- 
mitter, a division into four or eight sectors 
could not be made. In such a set-up it 
would be easier to carry out the switching 
from valve to valve in the transmitter rather 
than using relays, as in the present unit. 
In areas where electric power is available, 
a small electric pump can be substituted for 
the gasoline-driven pump. This would con- 
siderably reduce the maintenance service 
required. 

In summary, the directional air sampling 
unit described here made it possible to de- 
termine the concentrations of gaseous and 
fine particulate materials as a function of 
wind direction in an area where the prevail- 
ing winds could be easily divided into two 
180 degree sectors and where electric power 
was not available. The units are self-con- 
tained through the use of a gasoline motor- 
driven pump and a battery-operated valve 
and valve-switching mechanism. The as- 
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sembled unit is simple and rugged and can 
be easily moved and set up for field opera- 
tions. The valve system is accomplished 
very simply and inexpensively by using 
automatic-control domestic furnace valves 
modified slightly for operation in a vacuum 
system. Because the units are relatively in- 
expensive and especially suited to remote 
field operations without requiring skilled 
personnel, these units should prove useful 
in various types of air-pollution studies. 


The wind-vane transmitter was designed by Mr. 
J. A. MacLeod, and assistance in setting up the 
valve system was given by Dr. E. J. Wiggins and 
Mr. J. L. Byrne—all of Stanford Research Insti- 
tute. The units were designed and constructed as 
part of a research project sponsored by the 
Columbia-Geneva Steel Division, United States 
Steel Corporation. 
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Toxicity 


|. Potentiating Effects of Exercise and Tolerance Development 


HERBERT E. STOKINGER, Ph.D. 
WILLIAM D. WAGNER, B.S. 


and 
PAUL G. WRIGHT, Cincinnati 


It is apparent from past reviews and 
several recent experimental reports * that 
the toxicity of ozone has been a subject 
of perennial controversy. The present re- 
port brings into focus two aspects of the 
toxicity of ozone which modify current con- 
cepts of its physiologic action and which 
have apparently thus far been overlooked. 
These responses observed in our laboratory 
animals are (1) a marked increase in toxi- 
city of ozone during physical stress (exer- 
cise) and (2) a marked rapid development 
of tolerance from brief exposure to a non- 
injurious level of ozone. Both findings 
would appear to have considerable signifi- 
cance in the evaluation of hazards from air 
pollutants of the type found in Los Angeles, 
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in hazards of high-altitude aviation, and in 
certain industrial occupations. 


Effects of Physical Stress 


The effects of ozone toxicity in rats and 
mice were found to be so increased by 
the superimposed exercise in a_ rotating 
cage that 1 ppm of ozone, a concentration 
which causes no apparent injury to these 
The 
experiments were performed in an effort to 
simulate the stress of work associated with 
industrial environment on the toxicity of 
ozone. To do this, groups of rats, mice, 
and other laboratory species were placed in 


animals at rest, now becomes lethal. 


a large motor-driven rotating cage at 7 
rpm, 15 minutes each hour, starting after 
the first hour during a continuous 6-hour 
exposure of ozone. A photograph of the 
activity-cage assembly, with pertinent con- 
struction data, is shown in the Figure. 
Ozone was generated from silica-gel dried 
air in a large U. S. Air Ozonizer + with a 
capacity to generate 1000 ppm of ozone at 


+ Scottdale Ozone Company, Scottdale, Pa. 


Motor-driven activity 
cage for rats (and small 
animals). Cage holds 10 
to 15 adult rats. Cage di- 
mensions: diameter, 18 
in.; length, 24 in. Over- 
all dimensions: 30 in. 
long, 22 in. high, 18 in. 
wide. Over-all weight: 
53 lb. with pan. Dumore 
Gear Motor, 115 volt, 60 
cycle, A. C, Me H.P., 
512-1 ratio, 84 ft, 16 
torque, 13.7 rpm, 0.50 in. 
shaft. Chain drive: 


Sprocket ratio 12:36. 
Cage rpm: 6.5 rpm meas- 
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a rate of 1 cu. ft. per minute. The ozone 
was metered into the top of a large exposure 
chamber of 100 cu. ft. capacity, where it 
was blended with metered, conditioned air. 
The ozone was exhausted uniformly from 
the bottom of the chamber so that the 
exposure atmosphere was changed each 10 
minutes. The average temperature and rel- 
ative humidity and their standard devia- 
tions were, respectively, 79.3 F, 0.017; 
56.4%, 0.09. The ozone concentration in 
the chamber was determined at least hourly 
by the method of Smith and Diamond ® as 
modified by Byers, Saltzman, and Hyslop.’ 
The average chamber concentration of ozone 
was 1.01 ppm, with a standard deviation 
of 0.404 ppm by volume calculated over a 
period of 125 exposure days. 


Taste 1.—Increase of Ozone Toxicity in Rats from Superimposed Exercise 
Ozone Concentration: 1 Ppm by Volume Exercise: 15 Min./Hr. 7 Rpm 


of the rat and mouse (hamster L. D.59, 
10.5 ppm compared with 4.8 for four hours 
for the rat). Guinea pigs were not found 
to be suitable species for activity-cage ex- 
periments, owing to their inability to co- 
ordinate their movements with the motion 
of the cage. Rats were accordingly used 
for the following work on ozone tolerance 
development. 


Tolerance Development 


When rats that had been subjected for 
varying lengths of time to daily six-hour 
exposures of 1 ppm of ozone were then 
challenged in an activity cage while being 
exposed to 1 ppm of ozone, as described 
above, the expected mortality was not ob- 
served (Table 2, Data Lines 1 and 2). Rats 


TREATMENT MORTALITY 
Average 
Data Animals, Body 
Line No. Weight, Ozone Concurrent Numerator: Animals Dead, No. 
Gm. Exercise 


Denominator: Animals Tested, No. 


230-380 200 days 
6 hr. daily 
2 10 144 | 6 hr. 
3 10 264 | 6 hr. 
4 10 250 | No 


No None (0/25) 
Yes 6/10 
Yes | 5/10 
Yes | None (0/10) 


Table 1 shows that intermittent exercise 
superimposed upon continuous exposure to 
ozone at 1 ppm is fatal within six hours 
to rats of different ages (Data Lines 2 
and 3), whereas rats not exposed to such 
activity can tolerate repeated daily exposure 
to 1 ppm of ozone for several months 
(Data Line 1). Rats subjected to this 
exercise schedule alone, without 
showed no mortality (Data Line 4). 

Similar lethal responses were elicited in 
mice but not in hamsters when subjected to 
a concurrent exposure of ozone and exer- 
cise. No amount of added stress under 
conditions available in these experiments, 
when superimposed on 1 ppm of ozone con- 
centration, was sufficient to produce death 
in the hamster; the natural tolerance of 


ozone, 


hamsters to ozone is more than double that 


previously exposed to ozone now survived 
repeated daily exposures combined with 
exercise. The duration of their survival de- 
pended on the duration of their prior ex- 
posure to ozone; rats exposed for 90 hours 
to ozone survived three repeated daily 
challenges to ozone and exercise without 
any mortality, and rats with 150 hours’ 
exposure survived five daily challenges be- 
fore any deaths occurred. 

In order to demonstrate unequivocally 
that the above-described tolerance was real 
and not an artifact resulting from some 
peculiarity of the experimental procedure, 
small groups of rats (2 or 3) not prev- 
iously exposed to ozone were placed in the 
same activity cage with 10 rats previously 
exposed to ozone and then challenged in 
the usual way. In every case rats not 
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TABLE 2.—Development of Tolerance to Ozone 


As Shown by Preexposure to Ozone Followed by Exercise During Ozone Exposure 
Ozone Concentration: 1 Ppm by Volume 
Exercise: 15 Min./Hr. 7 Rpm—Exposure: Six Hours Daily, Unless Otherwise Indicated 


— 
MORTALITY 
Average Preexposure On Subsequent Days of Exposure to Ozone with Exercise 
Data Animals, Body to Ozone | Numerator: Animals Dead, No. 
Line No. > (ones, Exercise), | Denominator: Animals Tested, No. 2 
m. 
One Two Three Four Five Six 
| Day Days Days Days Days Days 
| 

1 9 236 ~ 90 0/9 0/9 0/9 3/9 0/6 3/6 

2 10 304 150 | 0/10 0/10 0/10 0/10 0/10 1/10 

3 10 258 18 0/10 0/10 0/10 

4 3 240 2/3 0/1 0/1 

5 10 248 6 0/10 0/10 1/10 

6 3 245 2/3 0/1 0/1 

7 10 251 3 | 0/10 2/10 

8 2 | | 12 

9 10 | 1 1/10 1/9 1/8 

10 3 20 1/3 0/2 0/2 

| 


previously exposed died on the day of 
challenge, whereas preexposed rats survived 
(Table 2, Data Lines 5-10). Further con- 
firmation of the tolerance development to 
ozone was obtained by subjecting rats prev- 
iously exposed to 1 ppm of ozone for six 
hours subsequently to multilethal ozone con- 
centrations of 7 to 11 ppm of ozone for 
four hours. No mortality occurred among 
the previously exposed rats. Their lungs 
were grossly normal on autopsy, whereas 
rats not previously exposed to ozone died 
and their lungs were edematous and hemor- 
thagic. The challenging tests for ozone 
tolerance were usually made on the day 
following the last exposure to ozone, al- 
though, as revealed below, this was unim- 
portant. 

The least possible time of exposure re- 
quired for the development of tolerance to 
ozone at concentrations of 1 ppm was de- 
termined by a series of three experiments 
in which the initial exposure to ozone was 
successively shortened from six hours to 
one hour (Data Lines 5-10, Table 2). The 
data show that tolerance to ozone succes- 
sively decreased in degree when exposure 
is thus shortened, although some tolerance 
was demonstrated with as little as one-hour 
exposure to 1 ppm of ozone (Data Lines 
9 and 10). The tests for tolerance were 
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made 24 hours after the start of the initial 
exposure, thus demonstrating the very 
rapid development of ozone tolerance. Be- 
cause the six-hour exposure to 1 ppm of 
ozone developed a reproducible tolerance of 
significant degree, six hours was taken as 
a convenient preexposure time for subse- 
quent studies to determine the duration of 
tolerance to ozone from a single exposure. 
This is reported below. 


Duration of Ozone Tolerance 


Tolerance to ozone lasting for four to 
six weeks was developed in rats from a 
single six-hour exposure to 1 ppm of ozone. 
For this demonstration a large group of 
adult male albino rats was given a single 
six-hour exposure to 1 ppm of ozone. From 
this group smaller groups of 10 rats each 
were subsequently tested for tolerance, as 
described above, after one day and one, 
two, three, four, and six weeks. 

All the rats given a single six-hour ex- 
posure to ozone showed tolerance to other- 
wise lethal exposures, whether challenged 
on the day following the six-hour exposure 
or one week or four weeks later. Rats 
challenged on the sixth week, however, died 
(7 of 10 exposed), showing that ozone 
tolerance may extend over a period of 
from four to six weeks. Controls not prev- 
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iously exposed to ozone died either during 
ozone exposure in the activity cage (i. e., 
within six hours) or shortly thereafter. 
Rats exposed six hours to 1 ppm of ozone 
and then subjected the next day to exercise 
only in the activity cage with no ozone 
showed no mortality or any untoward ef- 
fects ascribable to either the exercise or the 
previous day’s exposure to ozone. 


Comment 

The extreme range of physiologic re- 
sponse, from the rapidly lethal effect of 
ozone under added stress of physical exer- 
tion to a tolerant condition following a rel- 
atively short preexposure to a low-grade 
of un- 
equivocally demonstrated in certain rodent 


concentration ozone, believed 


species. Thus, whereas ozone toxicity is 
potentiated to lethal effects under condi- 
tions of increased physical activity at the 
very low atmospheric concentration of 1 
ppm, no lethality is demonstrable to other- 
wise lethal concentrations once the animal 
has survived a preliminary exposure to 1 
ppm of ozone. A true tolerance is believed 
demonstrated not only because of its rather 
durable quality (for four to six weeks) and 
its marked degree (survival at greater than 
twice lethal levels) but because character- 
istic pulmonary and hemorrhage 
cannot be elicited after a single low-grade 
exposure has once occurred. The spasmodic 
breathing characteristic of ozone exposure 
is not abolished, however, in the ozone- 
tolerant animals. 

Although study of the effect of the time 
variable only was made in these experi- 


edema 


ments, the concentration of ozone remain- 
ing constant throughout, one might infer 
that concentrations of ozone much below 
1 ppm might initiate a tolerant state in 
these animals. This inference is based on 
the observation that, if 1 ppm of ozone for 
1 hour produced measurable _ tolerance 
(Table 2, Data Lines 9 and 10), tolerance 
could conceivably develop from an exposure 
to 0.1 ppm of ozone for 10 hours without 
overextrapolating the variables in the CT 
equation (CT=K). 


Toxicity from Nitrogen Oxides 
Ruled Out 


Both tolerance development and the in- 
creased lethality associated with stress are, 
furthermore, believed to be true responses 
to ozone. Under the conditions of genera- 
tion (silica-gel scrubbed air), total nitrogen 
oxides were below the limit detectable by 
the phenol disulfonic acid method (less than 
0.1 ppm); nitrogen dioxide measured by the 
new sensitive method of Saltzman ® aver- 
aged 0.07 ppm. Moreover, the levels of 
nitrogen oxides were of the same order of 
magnitude in the ozone chamber and in the 
control chamber where conditioned air was 
used solely. Therefore, oxides 
factor in the 
results obtained. Lethal effects of nitrogen 
oxides, in particular nitrogen dioxide, have 


nitrogen 


were not believed to be a 


been shown to occur ® at concentrations far 
above those obtaining in these experiments 
(65 to 70 ppm). The age of the animals 
was not a factor in these experiments, as 
adult animals of various ages responded 
similarly (Table 1). Age can be a factor, 
however, as it has been found ¢ that ex- 
tremely old white mice (35 gm. body 
weight) were somewhat more tolerant to 
ozone than were young adults. 

The added stress imposed upon the ani- 
mals by the intermittent activity in the 
rotating cage used in the exposure served 
as an equally good test of tolerance, as did 
the quiescent exposure to multilethal doses 
of ozone. 

The mechanism whereby this rapidly de- 
veloping tolerance is acquired and main- 
tained for considerable periods is under 
study, as is the important question of the 
“spread” of ozone 
pulmonary irritants. 


tolerance to other 


Summary 
A striking enhancement of the toxicity 
of ozone has been demonstrated in rats and 
mice when they are exercised intermittently 
during exposure. Ozone concentrations of 
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1 ppm are fatal in 6 hours in these species 
when accompanied by exercise for 15 mi- 
nutes each hour during exposure. 

A marked tolerance to ozone has also 
been developed in these species. The toler- 
ance is rapidly developed (within 24 hours) 
and persists for 4 to 6 weeks, as shown 
by survival from challenging exposures of 
lethal magnitude or upon reexposure to 
multilethal doses of ozone and by the ab- 
sence of characteristic pulmonary edema 
and hemorrhage that regularly follow such 
exposures. 

1014 Broadway. 
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Toxicity of for Laboratory 


Ill. Chronic Inhalation Studies 


J. L. SVIRBELY, Ph.D. 
and 
J. C. ROBERTS Jr., M.D., Pittsburgh 


Preceding sections of this report dealt 
with experimental procedures used, signs of 
intoxication noted, and mortality found in 
laboratory animals dosed with decaborane 
(B 1 H 14) by intraperitoneal injection, oral 
administration, and percutaneous applica- 
tion.+ Convulsions and other central nervous 
system symptoms were pronounced in the 
animals in these* and in acute inhalation 
studies. Cumulative toxic effects developed 
following repeated small doses, by various 
modes of administration,t of this hydride. 


Severe intoxication of the nervous system 
has been noted among plant personnel fol- 
lowing inhalation of relatively small amounts 
of an undetermined mixture of boron hy- 
drides.’ 


Previous reports from this laboratory ® 
indicated that central nervous system symp- 
toms were more pronounced and persistent 
in rats exposed repeatedly to relatively low 
levels of decaborane (20 ppm) or penta- 
borane (B5; Hy [3.3 ppm]) in inhalation 
studies when compared with those observed 
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following a single exposure to these com- 
pounds.® Oliguria, weight loss, and ataxia 
(similar to that observed in middle ear in- 
fections) were noted in rats exposed to 
pentaborane-air mixtures around 1 ppm § 
for 11 six-and-one-half-hour periods in a 
pilot inhalation study. 

The present report deals with animal ex- 
periments designed to obtain knowledge of 
concentrations of decaborane that might be 
tolerated by human personnel handling de- 
caborane over prolonged periods of time. 


Methods 


The samples of decaborane used in this study 
were about 98% pure and were obtained from 
commercial sources. 

The animals were exposed in a large chamber 
of about 1800 liters capacity through which 
decaborane-air mixtures were passed at approxi- 
mately 339 liters per minute. Vapors for inhala- 
tion were prepared by mixing known amounts of 
air, saturated with decaborane after passage 
through an impinger || containing finely powdered 
crystals at a definite temperature, with measured 
flows of room air sufficient to give the desired 
concentration. 

All concentrations were calculated from the 
weight loss in the impinger and from the total 
amount of air used over the period of such weight 
loss. The values obtained showed daily deviation 
around 7% from the averages for all. days of 
exposure. Concentrations in the chamber were 
checked several times daily by a chemical method.f 
The correlation between the average calculated 
values and those obtained from these individual 
assays by spot sampling was not found to be satis- 


factory. However, the average calculated values 


§ Svirbely, J. L., and Roberts, J. C.: Histo- 
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|| Turner Absorption Bulb No. 1960, Corning 
Glass Works Catalogue, LP 34, 1954. 

q Hill, W. H., and Johnston, M. S.: Determina- 
tion of Decaborane, Analyt. Chem., to be published. 
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and those obtained by averaging the analyses on 
samples taken from the chamber at hourly or 
more frequent intervals during the exposure 
periods were found to be in close agreement. For 
example, the average weekly calculated value dur- 
ing one eight-week period was 4.2 ppm of de- 
caborane (4.0-4.4), while the average weekly assay 
value during this same period was 4.5 ppm of 
decaborane (4.1-5.0). 

Male rats (CFW), male mice (CFW), male 
rabbits (Pure Line strain of New Zealand 
Albinos), male Rhesus monkeys, and female 
mongrel dogs were used in these experiments. 
These adult animals had been obtained from com- 
mercial sources, were fed an appropriate depend- 
able diet (supplemented with oranges in case of 
the monkeys), were kept under observation for 
at least one month or longer (the dogs were de- 
wormed and inoculated against distemper), and 
were placed on test after they had been selected, 
using general behavior and apparent good health 
as criteria. 

The animals were exposed to decaborane-air 
mixtures at concentrations around 4.5 ppm (0.022 
mg/l.) for five and one-half to six hours daily 
during the five-day work week. 

Behavior of the animals was observed through- 
out the experimental period. They were weighed 
weekly. Periodic hematologic examinations were 
performed on rats according to techniques re- 
ported previously.” Liver deoxyribonucleic acid 
(DNA) and ribonucleic acid (RNA) were deter- 
mined on several groups of rats by the method 
outlined by Schneider.® Urine of the dogs was 
collected daily, and urinary creatine and allantoin 
were determined, as well as volume, pH, sugar, and 
acetone. A few clinical tests were performed on 
the blood from one dog and one monkey by stand- 
ard methods.° 

Many of the animals died during the experi- 
mental periods; tissues from these and animals 
which were killed at varying intervals were fixed 
in buffered formaldehyde (4%; pH, 7.0) and im- 
pregnated in paraffin. Sections cut at 7y-10u were 
stained with hematoxylin and eosin. 


Experimental Results 


The data collected and the observations 
noted during a projected six months’ chronic 
inhalation study have been arranged in the 
order of species susceptibility to toxic ef- 
fects of decaborane. 

Rabbits—Two out of five rabbits were 
found dead after one hour or during the 
night following the first exposure, while the 
remaining three were found dead in a similar 
period after the second exposure. No toxic 
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effects were observed during or after the 
first exposure, but signs of dyspnea were 
noted in two rabbits found in a moribund 
state after the second inhalation period. 
Autopsy of these animals revealed no ex- 
tensive gross pathological changes. 

Dogs.—Symptoms of intoxication noted 
in three dogs shortly after the second and 
subsequent exposures included, in order of 
appearance, vomiting, anorexia, sneezing, a 
tendency to lie on the side, intermittent 
twitching of the forelegs, progressive debil- 
ity, rhythmic movements of the head up and 
down, marked salivation, excessive panting, 
moribund state, and death. No convulsions 
were observed, which is of interest, because 
in other studies with higher levels of deca- 
borane + convulsions were not uncommon. 

Two out of three dogs were found dead 
about 17 hours after the third exposure, 
and the third animal, moribund after several 
hours, was killed with pentobarbital (Nem- 
butal) about 6% hours after the fourth ex- 
posure period. Congested areas in the lungs 
and livers were noted at autopsy among the 
dogs found dead. 

Following the second exposure period, al- 
buminuria, hematuria, and creatinuria were 
noted ; all other tests on the urines were nor- 
mal. 


Ciinical tests done on blood withdrawn 
from the external jugular vein from the 
third dog about 25 minutes (Sample 1) and 
immediately prior to killing (Sample 2), as 
well as those done on a control dog, were 
found to be as follows: 

In addition to these tests, the oxygen- 
combining power determined manometri- 
cally with the Van Slyke apparatus on 
Sample 2 was found to be 6/cc. as com- 
pared with an average value in nine normal 
dogs of 9.5/ce. 

On histologic examination, moderate cen- 
tral necrosis and fatty metamorphosis were 
noted in the liver (Fig. 1); the kidney 
tubules were moderately to severely granu- 
lar and hydropic (Fig. 2); the lungs were 
congested, edematous, and showed foci of 


# References 3 and 5. 
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TOXICITY TESTS OF DECABORANE 


Sugar, 
Mg./100 Ce. 


Urie acid, 
Mg./100 Ce. 


Sample 1 3. 9.0 


Sample 2 


Control 


Fig. 2—Kidney of dog 
exposed to decaborane. 
Granular pyknotic 
proximal convoluted tu- 
bules. Granular debris in 
lumens. X 175. 


squamous metaplasia; the bone marrows 
were moderately hypoplastic in all hemo- 
poietic elements. 

Monkeys.—Lacrimation and inflammation 
of the eyes were noted in the monkeys fol- 


Creatine, 
Mg./100 Ce. 


NPN, 
Mg./100 Ce. 


Creatinine, 
Mg./100 Ce. 


Thymol Turbidity, 
Thymol Units 


Fig. 1—Liver of dog 
exposed to decaborane. 
Central necrosis with 
fatty metamorphosis is 
prominent. X 175. 


lowing the first exposure period. Subsequent 
observations noted after the fifth or sixth 
periods were anorexia, sneezing, belliger- 
ency, depression, debility muscular incoordi- 
nation of the fingers and hindlegs, moribund 
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state, and death. No convulsions were noted. 
One monkey was found dead about 57 hours 
after the 12th exposure; another, about 18 
hours after the 13th exposure, and the third 
was killed shortly after the 14th exposure. 
The following values were obtained in 
the blood of the monkey killed after the 14th 
exposure: sugar, 70 mg. per 100 cc.; uric 
acid, 2.8 mg. per 100 cc.; creatine, 1.2 mg. 
per 100 cc.; NPN, 81 mg. per 100 cc., and 
thymol turbidity test, 1.2 thymol units. 
Histopathological changes due to decab- 
orane were confined to liver, kidney, spleen, 
and bone marrow. The liver showed mod- 
erate centrilobular necrosis and fatty meta- 
morphosis. The kidney showed moderate 
proximal tubular nephrosis. The spleen 
showed focal necrosis. The bone marrow 
showed decrease in young myeloid and ery- 
throid elements and increase in plasma cells. 
Mice.—No specific toxic symptoms were 
noted in 20 mice exposed during a 20-week 
experimental period. The mortality rate 
among the mice was as follows: 0/20 (lst 
week); 1/20 (2nd week); 4/20 (4th week); 
9/20 (5th week); 10/20 (6th week); 
12/20 (7th week); 15/20 (8th week); 
16/20 (9th week); 18/20 (10th week) ; 
19/20 (15th week), and 20/20 (19th week). 
Unfortunately autolysis precluded any 
definite histopathologic observations. 


Rats.—Forty-three rats were exposed 
during this study, and ten additional rats 
served as controls. Thirty-three of the ex- 
posed rats were used only for pathological 
examination and were killed by decapitation 
in groups of two or three at weekly intervals 
for 6 weeks and then after the 9th, 13th, and 
15th weeks of exposure. The remaining 10 
animals as well as the controls were kept 
under daily observation during the entire 
six months and were used for determi- 
nations of weight and for hematological 
studies. These rats were killed in 
three groups of three, the first at the 
end of the six-month period and the other 
two groups two and four weeks after 
termination of exposure, for pathological 
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examination and for determination of nu- 
cleic acid fractions in the liver. 

Striking evidences of the toxic effects of 
decaborane in the exposed rats were not 
observed in this study. Only 1 of the 10 
rats, kept under close supervision, was 
found dead during the 13th week of the ex- 
posure. Definite decreases in weight among 
the exposed rats were found during the 
weekly exposure periods, followed by an in- 
crease in weight over the week end and holi- 
days. These weight fluctuations were not as 
pronounced as those noted previously among 
rats exposed to 20 ppm of decaborane.® 

The hematological examinations were 
made after 4 days of exposure and at peri- 
ods of 2, 3, 4, 6, 8, 10, 21, and 24 weeks. 
They were compared with pretest studies 
on the rats. Although no changes were 
found in the white blood cell differential 
counts or hemoglobin estimations, there were 
significant decreases in the hematocrits and 
total white blood cell counts during the ex- 
posure period. Significant decreases in total 
red and white blood cells and hematocrits, 
as well as changes in white blood cell differ- 
ential counts, have been reported previ- 
ously.® 

No histopathologic changes were noted in 
the liver, lung, kidney, and brain of rats 
killed in this study, although damage to the 
kidney, liver, lung, and spleen had been 
found in other inhalation studies with decab- 
orane at concentrations of 84, 32, and 18-20 
ppm.* 

Determinations of deoxyribonucleic acid 
(DNA) and ribonucleic acid (RNA) were 
done on livers of rats used in this and other 
studies in this laboratory. The livers had 
been removed during autopsy and had been 
kept frozen. The per cent deviation of RNA 
and DNA in the livers of rats dosed with 
decaborane as well as those exposed to a 
pentaborane-nitrogen mixture,} as compared 


*Svirbely, J. L., and Roberts, J. C.: Histo- 
pathological Observations in Animals Treated with 
Decaborane and Pentaborane: To be published. 

+ Svirbely, J. L., and Roberts, J. C.: Histo- 
pathological Observations in Animals Treated with 
Decaborane and Pentaborane: To be published. 
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TOXICITY TESTS OF DECABORANE 


Treatment 


Deviation 

of Exposed as 
Rats, Compared with Controls, 
No. per Cent 


RNA 


(a) Decaborane 
1. Chronic inhalation study (4.5 ppm) 
End of six months’ exposure period 
Two weeks after end of six months’ exposure period 
Four weeks after end of six months’ exposure period 


www 

= 


2. Oral administration 


suspension 


Killed about four hours following dose of 50 mg./kg. in an agar-saline 


Pentaborane 
K 


ppm of pentaboranet 


<illed 23 weeks following 11 six-and-one-half-hour exposure periods to 1 } 3 


—18.1 


with those of 11 control rats, were found to 
be: 

Although a limited number of rats were 
used for these determinations, the data ob- 
tained suggest that these hydrides may cause 
a disturbance in nucleic acid metabolism. 


Comment 


Animals exposed to decaborane by in- 
halation of concentrations as low as 4.5 
ppm in air respond with evidence of intoxi- 
cation and death. At this dose range the 
rabbit is highly susceptible and dies after 
only a few exposures ; the dog and the mon- 
key are moderately susceptible and die after 
from 4 to 15 exposures; mice are slightly 
susceptible and die after from 10 to 100 
exposures, and rats are relatively resistant 
even after 135 exposures. Early indications 
of decaborane poisoning in dogs and mon- 
keys were vomiting, anorexia, progressive 
debility, refusal to eat, and loss of muscular 
coordination. Vomiting, hematuria, and an 
elevation in urinary creatine and allantoin 
were generally found in dogs following the 
second exposure period. 

When rats were exposed to these low con- 
centrations of decaborane for six months, 
the only hematological abnormalities noted 
were decreases in hematocrit values and 
total number of white blood cells. 

Pathologic changes in the liver were, when 


t Svirbely, J. L., and Roberts, J. C.: Histo- 
pathological Observations in Animals Treated with 
Decaborane and Pentaborane: To be published. 


present, prominent in the areas of active 
cellular metabolism, the central zones of the 
liver, and the tubules of the kidneys. In the 
rats, where no deviations from normal were 
observed histopathologically, definite changes 
in nucleic acid metabolism again implicated 
decaborane as an active metabolic poison. 

If it is valid to assume that dogs and 
monkeys represent analogues to man as far 
as decaborane exposure and toxicity, it ap- 
pears reasonable to believe that a “safe” con- 
centration of decaborane which could be 
tolerated by persons working with this hy- 
dride over prolonged periods of time would 
be of a much lower order of magnitude than 
that. used in the studies reported in this 
paper. 


Summary 

When decaborane at a concentration of 
4.5 ppm is inhaled by experimental animals, 
rabbits are very susceptible, dogs and mon- 
keys are moderately susceptible, and mice 
and rats are more resistant to the toxic ef- 
fects. 

The toxic effects of this hydride are ap- 
parently due to interference with actively 
metabolizing cells as indicated by clinical 
symptoms as well as hematologic, enzymatic, 
and histopathologic changes. 


Miss Patricia Crowley, Graduate School of Pub- 
lic Health, prepared the histological sections used 
in these studies. All sections were stained with 
hematoxylin and eosin. Mr. Albert Levin, Photog- 
rapher of the University of Pittsburgh School of 
Medicine, performed the photography. 
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Dosage 
and Daughter 


JACOB SHAPIRO, Ph.D., Groton, Conn. 


A type of radiation exposure widely 
encountered in the nuclear energy pro- 
gram at the present time is exposure to 
radon and air-borne radon degradation 
uranium and 


early refining operations. 


products during mining 
Various esti- 
mates have been made of maximum per- 
missible 


different 


air concentrations based upon 
hypotheses as to how these 
radioactive materials are handled in the 
body.* The factual information upon 
which these calculations were based was 
small. The following experimental study 
was aimed at increasing the information 
as to the actual radiation dosage to dif- 
ferent pacts of the human respiratory 
system from exposure to radon and its 
radioactive degradation products. 


Exposure Chamber and Sampling 
Procedures 


All human and animal exposures were performed 
with the use of a chamber 3.9 ft. by 2.9 ft. by 
6.4 ft. of approximately 1800 liters capacity. The 
radon for the chamber was obtained from a 50uc 
radium chloride source and displaced from the 
collecting flask into the exposure 
water displacement. 


Accepted for publication Jan. 4, 1956. 
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* References 1 and 2. Morgan, K. Z.: Maximum 
Permissible Concentration of Radon in the Air, 
unpublished memorandum prepared for the Sub- 
committee on Internal Dose of the National Com- 
mittee on Radiation Protection, 1951; revised, 1954. 


chamber by 
The radon concentration in 


from Breathing 


the chamber was originally measured by introduc- 
ing samples into an ionization chamber attached to 
a vibrating reed electrometer. In later experiments 
the radon was collected quantitatively on charcoal 
and counted in a scintillation counter. The filter- 
able radioactivity in the air, i.e., the radon daughter 
products Ra A through Ra C’, was sampled by 
pulling chamber air through a millipore filter. 
Alpha activity on the filter paper was measured 
with a The 


experiments 


scintillation counter. radon 
used in most 


2.5 « 10° c. per liter. 


concen- 


tration was around 


Dependence of Radon Daughter Product 
Level upon Dust Load and Air 
Circulation in Chamber 

When the chamber was charged with 
radon at a level of 2.5X10%c. per liter 
shortly after the chamber air had been 
in free exchange with air from the out-of- 
doors with its normal dust load, measure- 
ments showed the radioactive degradation 
products in the air, through radium C’, 
reached substantially radioactive equil.- 
brium with the radon present. This level 
of equilibrium, ranging usually between 
70% and 90%, depended very little, even 
in this small chamber, on whether the air 
was stirred with a fan or allowed to 
remain quiet. 

On the other hand, when the dust load 
was reduced to very low levels by care- 
ful filtration of the air introduced into 
the chamber, the level of the air-borne 
degradation products fell to levels 
with the equilibrium value. 
Values in quiet air were often less than 
20% of the equilibrium value, and for 
agitated air 2% of the equilibrium value. 

The explanation for these lower values 
of radon degradation products in dust- 
free air is that daughter products which 
are not trapped on dust particles have a 
much greater mobility and are more rap- 


low 
compared 
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idly deposited on the chamber walls. 

This explanation was confirmed quali- 
tatively in other experiments in which 
the radioactivity deposited on plastic and 
metal discs which had been inserted into 
the chamber for several hours was meas- 
ured. The radioactivity measured on the 
surfaces of discs which had been inserted 
into the dust-free air was many times 
higher than the radioactivity measured 
on the discs inserted into dusty air. 


Determination of Biological Half-Life of 
Radon Daughters in Lungs of the Rat 


Previous calculations+ experi- 
ments t have indicated that for a human 
exposed to radon plus radon degradation 
products the principal radiation would be 
from radon degradation products depos- 
ited in the respiratory system. These 
calculations assume retention of radon 
degradation products in the lungs during 
complete radioactive decay. There are no 
published figures of actual measurements. 
Such measurements were therefore made 
with rats. Groups of four animals were 
exposed in the chamber to radon and 
radon degradation products in air with 
a normal dust load, and to carefully 


TasBLe 1.—Data for Calculation of Biological 
Half-Life 


Time Animal Killed Cpm at 
After End of Exposure, Equivalent 
Min. Decay Time 


(1, Uneleaned Air) 


5 
140 
140 
(2. — Air) 


81 
81 


Avg. of Rats 26 and 27 =383 
Avg. of Rats 28 and 29=228 
Biological half-life =180 min. 
Avg. of Rats 31 and 32=690 
Avg. of Rats 33 and 34=475 
Biological half-life =135 min. 


+ Bale, W. F.: Hazards Associated with Radon 
and Thoron, memorandum to the files, Division of 
Biology and Medicine, U. S. Atomic Energy Com- 
mission, March 14, 1951. 

t References 3, 4, and 5. 
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cleaned air. The results, shown in Table 
1, indicate that in each instance the 
biological half-life was 2 hours or greater, 
which is long compared with the effective 
radioactive half-life of about 35 minutes. 
Therefore, from a health physics view- 
point, the dosage correction that should 
be made to allow for removal of radio- 
active material from the lungs is small 
for rats, and presumably so for other 
experimental mammals and man. 


Measurements of Lung and Tracheal 
Dosage in Rats 

Measurements have been reported by 
other investigators in which relative 
radioactivity in the lungs of rats was 
measured after exposure to air containing 
radon degradation products somewhere 
near equilibrium with radon, and to air 
containing radon virtually free of degra- 
dation products.* These results have been 
interpreted as showing that the radiation 
dosage was due almost entirely to the radon 
degradation products present as particulates 
in the air, rather than to radon itself. How- 
ever, no actual dosage measurements in 
terms of rad or rem units were made. 

To provide data on this subject the 
following experiments were carried out. 


Rats were placed in the exposure chamber for 
at least two and one-half hours, removed, im- 
mediately killed, and the radioactivity of lungs 
determined by gamma measurements with a well- 
type scintillation The exposure period 
was long enough, some four times the effective 
half-life of the radon daughters, that an equilib- 
rium amount of these materials in the lungs can 
be assumed. Average weight of the rat’s lungs 
during life was assumed on the basis of our ex- 
perimental measurements and Stokinger’s values ° 
as 0.43% of the total live weight. With suitable 
radioactive decay corrections and calibration fac- 
tors, these data on retained radioactivity permitted 
calculation of the alpha radiation dose per gram 
per hour to the lungs of the experimental animals. 

The gamma radioactivity of tracheal segments 
from some rats was also measured with the well- 
type counter. On the basis of these measurements 
the radiation dose to the epithelial linings of these 
tracheae was calculated on the assumption that 
the alpha energy was expended in a cylindrical tube 
whose inner diameter equalled the inner diameter 
of the trachea, 2 mm., and whose thickness equalled 


counter. 


Gm. 
26 167 5 384 
x 27 181 381 
28 178 241 
29 175 215 
31 192 740 
oe 32 183 640 
34 190 450 
|| 


RADIATION DOSAGE—RADON 


the average range of these alpha particles in water, 

Thes lungs receive some radiation dosage from 
radon itself undergoing radioactive decay while 
in the lung. Dosage to the lungs from radon 
breathed into the lungs was calculated on the as- 
sumptions that the average lung volume was, in 
cubic centimeters, 4.4% of the rat weight in 
grams,§ that the average radon concentration in 
this volume was the same as in the air being 
breathed, and that the radon degradation products, 
through Ra C’ from radon decaying in the lungs, 
remained fixed in the lungs. 

Lung and tracheal dosages were measured in 
rats exposed to radon mixed with three different 
atmospheres. 

The atmosphere contained particulate matter 
which approximated that of outdoor air in the 
vicinity of the laboratory. 

The atmosphere contained nuclei produced by 
the electrical sparking of the brushes of a detfec- 
tive blower motor in the exposure chamber. 

3. The air in the chamber was carefully cleared 
of its dust load before the radon was introduced. 


AND DAUGHTERS 


Taste 2.—Average Radiation Dosages to Lungs and Tracheae of Rats Breathing Radon Daughters Carried 
on Atmospheric Dust at Concentrations Equivalent to Equilibrium with 


atmosphere contained particulate matter 
which approximated that of outdoor air 
in the vicinity The 
the radioactive 
was about 4.8X10° cm.?/sec., as 
determined by measuring the deposition 
of the dust in tubes. || The average tra- 
cheal dosage was 0.82 times the average 
lung dosage. In Experiments 12 and 13 
the rats were exposed in air containing 
nuclei produced by the sparking of a 
defective blower motor in the exposure 
chamber. The nuclei were produced in 
the chamber some 18 hours before the 
rats were exposed. 


of the laboratory. 
ditfusion coefficient of 


dust 


The radioactive dust 
had a diffusion coefficient of about 0.9X 
10° cm.?/sec. The average tracheal dos- 
was 0.46 times 


age the average lung 


dosage. 


10— Curies/Liter Radon 


Average 
Dosage to Tracheae 


Average 
Dosage to Lungs 


Gm. 


Erg/Gm/Hr. 


Mrad/Hr. Erg/Gm/Hr. Mrad/Hr. 


1-9. 1 190 (avg.) 0.022+ .005 0.22 

10 1 184 0.036 0.36 0.033 0.33 

a 1 185 0.033 0.33 0.024 0.24 

12__ ee 2 = 0.027 0.27 0.010 0.10 
2 0.024 0.24 0.013 0.13 


13 
Esti mated Dosage Radon Gas U Decay in the Lungs 
00042 


042 0.00033 0.0033 


Experimental results obtained when 
rats were exposed to radon in dusty at- 
mospheres are shown in Table 2. One 
can note that the average dosage per 
hour to the lungs from radon degrada- 
tion products, 0.24 millirad (mrad), is some 
57 times as high as that estimated from 
radon itself plus only the radioactive 
daughters resulting from the radon de- 
caying in the rat lung. 

Measurements made on the tracheae 
of some of the exposed rats are also 
given. In Experiments 1 through 11 the 


§ This rough estimate of lung volume was ob- 
tained by using Guyton’s formula® for the tidal 
Tidal volume (cc.) = 0.0074 x 
weight of rat (gm.) The total lung volume was 
taken as six times the tidal volume, which is the 
ratio for humans. 


volume oi rats, 


Experimental Conditions—The rats in Experi- 
ments 1 through 11 were exposed in air containing 
particulate matter which approximated that of 
outdoor air in the vicinity of the laboratory. The 
rats in Experiments 12 and 13 were exposed in 
air containing nuclei produced by the sparking of 
a defective blower motor in the exposure chamber. 
The nuclei were produced in the chamber some 18 
hours before the rats were exposed. The radon 
level in the chamber was about 22 x 10-° c./liter. 
For Rats 1 to 9, 12, and 13, the daughter product 
level in the air was between 90% and 95% of its 
potential equilibrium value with.the radon. For 
Rats 10 and 11, the daughter product level was 
56% of its equilibrium value, the remainder of the 
daughter products being on the walls of 
chamber. The lung activities were of the order of 
15,000 cpm. Tracheal activities were 100 cpm 
above the background, which averaged 120 cpm. 


the 


|| Shapiro, J.: 
sol Produced by 


Studies on the Radioactive Aero- 
Radon in Air, in preparation. 
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Method for Determining Dosage—The Nal 
well-type counter used to count the rats’ lungs 
was calibrated to measure the alpha radioactivity 
in the lungs by counting the daughter product 
gamma activity of a millipore filter after alpha 
measurements had been made on the filter with an 
alpha scintillation counter. The radioactive milli- 
pore sample was prepared by drawing a liter of 
chamber air containing radon and its daughter 
products in equilibrium through it. Its absolute 
alpha disintegration rate was obtained by compar- 
ing its counting rate with that of a calibrated 
uranium foil which was the same size as the milli- 
pore. The alpha self-absorption in the millipore 
filter paper was 3%.° After the alpha activity of 
the millipore was measured, it was inserted into a 
test tube, and dissolved in acetone so that it oc- 
cupied approximately the same volume as the rats’ 
lungs. By extrapolation, the a/y ratio on the milli- 
pore paper was obtained at 60 minutes after collec- 
tion of the air sample. From a knowledge of the 
yY spectrum emitted by the daughter products, it 
was calculated that this was equal to the a/y ratio 
of an infinite sample, i.e., the rat’s lung. This was 
verified experimentally by comparing the a/y 
ratios of grab millipore samples at 60 minutes de- 
cay and infinite millipore samples at 0 decay. The 
gamma activity of a tube containing some uranium 
ore was read at the same time gamma measure- 
ments were made on the millipore paper and 
served as a secondary standard for some of the 
experiments. The alpha energy imparted to the 
lungs was obtained from the average alpha energy 
per alpha disintegration, which is 7.58 mev. The 
calibration method has been previously discussed 
in detail.° 
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In Experiments 14 through 23 the air 
was not stirred during the animal expo- 
sure period. Simple removal of particu- 
late matter from the chamber air reduced 
the average lung dosage by a factor of 
5.1 compared with normally dusty air. 
In some of the experiments under these 
conditions dosage to tracheal epithelium 
was compared with dosage to the rat lung 
as a whole. The tracheal dosage in five 
experimental rats averaged seven times 
as high as the lung dosage. 

In Experiments 24 through 26 the 
chamber air was stirred with a fan pre- 
ceding and during the animal exposures. 
This procedure reduced the dosage from 
radon degradation products by a factor 
of 31 compared with clean, stagnant air, 
and a factor of 160 compared with air 
with a normal dust load. 


Results with Dogs 


The gamma radioactivity produced by 
deposition of the radon degradation prod- 
ucts in the lungs and tracheae of 14 dogs 
was also measured. These experiments 
had for their primary purpose measure- 
ment of the distribution of ventilation 
and perfusion in the various lobes of the 
dog lung. These experiments were car- 


TasLe 3.—Average Radiation Dosages to Lungs and Tracheae of Rats Breathing in Cleaned Air 


Containing 10—" Curies/Liter Rad¢ 


m 


Average Average 
Dtr. Prod. Dosage to Lungs Dosage to _ a 

Exp. Rat Wt., Concentration 

No. Gm. ¢/1X10"" Erg/Gm/Hr. Mrad/Hr. Erg/Gm/Hr. Mrad/Hr. 
197 (avg.) 0.18 0.0045+0.001 0.045 
201 0.44 0.0094 084 0.049 0.49 
182 0.23 0.0049 0.049 0.020 0.20 
21. 200 0.33 0.0053 0.053 0.035 0.35 
198 0.21 0.0031 0.031 0.035 0.35 

192 0.23 0.0018 0.018 0.013 0.13 
184 0.022 0.00015+0.00003 


Estimated Dosage from Radon Gas and Disintegration Products of Radon Molecules Decaying in Lungs 
0.00042 0.0042 0.00033 


During Experiments 24-26 the air in the exposure chamber was stirred vigorously with a fan. The air was not agitated during 
Experiments 14-23. The fanning of the air caused most of the daughter products to be deposited on the walls of the exposure chamber. 


Table 3 represents the results of experi- 
ments in which rats were exposed to an 
atmosphere containing radon but largely 
cleared of suspended particulate matter 
before the radon was introduced, by air 
filtration or prolonged settling of the 
material in the chamber air. 
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ried out in collaboration with H. Rahn 
and L. E. Farhi.® 

Five dogs were exposed to radon and radon 
daughters contained in outdoor air with its normal 
dust load, which had been introduced into the ex- 
posure chamber a few hours before the exposure. 
Nine additional dogs were exposed to an atmos- 
phere in which the radon-daughter-carrying nuclei 


4 
= 
— = — 
a 
0.0033 
i, 


had been generated artificially by a sparking motor 
at least 12 hours before the dogs were exposed. 
The dogs were anesthetized with pentobarbital 
sodium, and the tracheae were cannulated in all 
experiments. The minute volumes of the first group 
of five dogs were measured during the experiment 
by passing air returning to the chamber through 
a gas meter. 


TABLE 4.—Average Dosages to the Lungs and 

Tracheae of Cannulated Dogs Breathing in Un- 

cleaned Air Containing 10—" Curies/Liter Radon 
in Equilibrium with Its Daughters 


Avg. Avg. 
Wt., Min. Vol/Kg. Mrad/Hr. Mrad/Hr. 
Dog Kg. ec/Min/Kg. to Lungs to Tracheae 
1 13.3 23 0.032 0.21 
2 S.4 336 0.047 0.35 
3 9.5 178 0.036 
4 9.6 0.037 0.48 
5 8.5 41 0.024 0.062 
Avg. of 
Dogs 1,2,4 10.4 0.039 0.35 
Avg. of 
Dogs 6-14 7.0 0.030 0.18 


Dogs 1-5 breathed daughter products carried on ordinary 
atmospheric dust. Dogs 6-14 breathed daughter products 
carried on nuclei produced from the sparking of a blower motor 
in the chamber. 

The counter used to measure the gamma activity of the 
dogs’ lungs and tracheae was the Texaco well-type Geiger 
counter, type GR, manufactured by Welch-Allyn, Inc. The 
lobes of the lung were counted individually and then added to 
give the total lung activity. The counter was calibrated by 
the + ratio method described in Table 2. The radon level 
in the chamber was 31X10-* c. per liter. Lung activities were 
of the order of 35,000 cpm at 0 decay time; tracheal activities 
ranged between 200 and 1700 cpm. The background on the 
counter was 500 cpm. The tracheal segments counted were 
about 1 cm. in diameter and between 8 and 11 em. long. 


Experimental arrangement for human inhalation experiment. A, 
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Results of these experiments are given 
in Table 4. Respiratory rates of Dogs 1, 
2, and 3 averaged 20, 30, and 15, respec- 
tively, during the experiment. 
under very deep anesthesia, respired 
about 1 per minute: Respiratory rates for 
the other animals were not recorded. 


Dog 


Radon Daughter Products’ Deposition 
in Man 


The fraction of the 
products 


inhaled radon daughter 
retained by two human subjects was 
measured for chamber air with a normal dust load, 
and by one subject for air cleaned of particulate 
matter. The clean atmosphere was established by 
displacing the air in the chamber with air filtered 
through a millipore filter. The air was blown into 


TaBLe 5.—Results of Human Retention Experiments 


Tidal Per Cent 
Subject Vol., Liters Retention 
(a) Daughter Products on Atmospheric Nuclei 
1 1.3 27 
1 1.1 23 
l 1.1 25 
2 1.0 25 
2 0.72 22 
2 1.5 30 
Artificial Lung 0 
(6) Daughter Products in Filtered Air 
1 72 
1 1.5 78 


exposure chamber; B, 


neoprene stopper; C, respiratory check valve; D, mouthpiece; E, manometer; F, gas meter; 
G, flutter valve; H, millipore filter holder; 7, vacuum pump, and J, gas meter. The vacuum 
pump operated during the entire run. When the subject did not expire through the check valve, 
room air was drawn through gas meter (/) and through the millipore filter. When the subject 
exhaled, the flutter valve (G) was closed and the subjects air was drawn through the millipore 
filter by the vacuum pump. The pressure at the outlet end of the respiratory check valve was 


about 
at about 
chamber. 


—1 cm. H.O because of the flow of air through meter (/). The chamber was maintained 
3 cm. to insure that no air would be drawn by the vacuum pump directly from the 
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the chamber at a rate of several liters per minute 
for at least 12 hours before the experiments were 
begun. The subjects breathed by mouth from the 
chamber. The general principle of the experiments 
was, first, to sample for radon daughter radio- 
activity in the air to be breathed by the subject; 
second, with the subject breathing chamber air, to 
collect and measure the radon daughter activity 
of the air exhaled by the subject, and, finally, to 
again sample the air breathed by the subject. 
Reduced pressure behind the millipore paper used 
for removing degradation products from exhaled 
air increased the flow of air through the filter so 
that the subject could breathe under essentially 
physiological conditions. The apparatus is shown 
in the Figure. 

The results are given in Table 5. The 
average retention of the daughter prod- 
ucts in air containing normal atmospheric 
dust was 25%. A neoprene balloon, used 
as an artificial lung, gave essentially zero 
retention under these experimental con- 
ditions. Thus, it may be assumed that 
almost all of the radioactivity retained by 
the subject breathing uncleaned air was 
deposited in the lungs. 

The average retention of the daughter 
products in filtered air breathed by the 


of radioactivity on dust as well as radio- 
activity not on dust. No attempt was 
made to evaluate experimentally the frac- 
tion of the air-borne radioactivity that 
was carried on dust particles in the 
“cleaned air” experiments. Accordingly, 
an accurate retention figure for radio- 
activity not carried on dust cannot be 
given. A theoretical calculation of the 
fraction of the different degradation prod- 
ucts deposited on dust as a function of 
the dust concentration has been made.® 


Comment 


From the human exposure data given 
in the previous section, and, assuming 
the long biological half-life found for rats 
also holds for human beings, one can 
calculate radiation dosage to the human 
pulmonary system under those exposure 
conditions for which the data were ob- 
tained. 

For radon daughter products in nor- 
mally dusty air, notation and assumptions 
are as follows: 


Vm = minute volume—10 liters/minute 1. 
Air-borne Ra A through Ra C’ in equilibrium 5d 
Ca = Concentration of each daughter—1 c./liter a 
(1X10*pc/ce.)_ 
R = fractional retention—0.25 4. 
W.= weight of lungs—1000 gm. 4 
All radioactivity retention occurs in lungs 6. 
Ea = the energy in mev due to a radiation from complete radioactive decay of Ra A, 
Ra B, Ra C, and Ra C’, each at an initial activity of lym c, where disintegration 
constants are given in units of min.-* is 
5:00 1 1 
22x = + 7.68 ( + 1.227 x 1 
Da = the average a@ radiation dose to the lungs in mrad units per hour will then be 


CaX Vm X R X60 X EaX 1.6 X 10-®X 10-8 


W. x 100 


subject was 75%. The pattern of deposi- 
tion of this radioactivity is uncertain. In 
supplementary experiments it was found 
that most of the radioactivity in cleaned 
air was readily removed by drawing the 
air through tubes. Accordingly, it may 
be expected that the radioactivity not on 
dust would be deposited mainly in the 
upper respiratory tract. 

The 75% retention figure was measured 
for air which contained a small fraction 
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= 0.029 


where the numerical values in order in 
the numerator are the conversion factor 
from curies to micromicrocuries, from 
hours to minutes, from mev to ergs, from 
rad to millirad, and in the denominator 
from rad units to erg/gram. 

The average lung dosage from radon 
daughter products in very clean air can- 
not be calculated because of lack of in- 
formation as to what fraction of the 
inhaled radioactivity reaches the lungs. 
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These calculations assume radioactive 
equilibrium between the air-borne daugh- 
ter products. The formula will apply 
also to those situations occurring in prac- 
tice where the daughter products are not 
in equilibrium with each other if the 
daughter product air sample whose alpha 
activity is to be determined for the pur- 
pose of obtaining Ca is allowed to decay 
one hour from the midpoint of the collec- 
tion time (which should not exceed 10 
minutes). The activity measured at 60- 
minute decay is then extrapolated back 
to zero time, assuming daughter-product 
equilibrium. It has been shown that the 
calculated retained radioactivity based on 
this treatment of the air measurements is 
fairly independent of the actual relative 
daughter-product concentrations in the 
air, if conditions are otherwise equal.5 

On the basis of our experimental re- 
sults the average radiation dose to the 
lungs as a whole, breathing radon daugh- 
ters at a level of 1X10! c. per liter each 
for RaA and RaC’ in normally dusty 
air, would be 168X0.029=4.9 mrad _ per 
week of 168 hours. The experimental breath- 
ing rate was about 10 liters per minute. The 
additional contribution in lung dosage 
from an equilibrium amount of radon it- 
self present in the air would be small. 

Since this value of 1X10 c. per liter 
(1X10%pue/ce.) is also the maximum per- 
missible level for radon for continuous 
exposure in the latest published recom- 
mendations of the National Committee 
on Radiation Protection,” it is instructive 
to see how the human lung exposure 
figures estimated from our experiments 
correspond to the permissible tissue ex- 
posures recommended in the same com- 
mittee publication. They recommend that 
human tissue dosage be limited to 0.3 
rep per week for B and y radiation, and 
that the maximum permitted tissue 
dosage from alpha radiation be 20 times 
lower, 15 millirep (mrep) per week, to 
allow for its greater relative biological 
effect. Since 100 mrep equals 93 mrad, 
this allowed 15 mrep per week is about 


three times the experimentally estimated 
average lung dosage for data presented 
here. 

Average radiation dosage to the epi- 
thelial lining of the larger bronchi is 
more difficult to estimate from experi- 
mental data. Extrapolation of the results 
of the dog experiments to human subjects 
suggests that this dosage may reach 10 
times the dosage to the lung as a whole. 

Since even in air containing a consid- 
amount of large particle dusts 
the radon daughters seem to be largely 


erable 


deposited on small particles, the deposi- 
tion of radon daughters still appears to 
be largely by diffusion. Therefore, the 
average dose to the bronchial tubes prob- 
ably does not depend very strongly on 
the breathing pattern of the individual 
being exposed as long as the air flow 
through the lung passageways is laminar. 
In one experiment the activity deposited 
in plastic tubes approximately 2 mm. in 
diameter was measured as a function of 
An 


minute volume. average decrease of 


minute volume of 59% decreased the 
activity deposited in the tube by only 
29%. Accordingly, the tracheal dosages 


reported in this paper may give a fair 
indication of the dosages imparted to tubes 
of similar size in the human respiratory 
tract. They suggest that average radia- 
tion dose to the human bronchi may be 
a few times higher than to the lungs as 
a whole, and therefore may reach or ex- 
ceed 15 mrep per week. 

The experimental results reported here 
therefore suggest that a maximum accep- 
table level of radon in equilibrium with 
its daughters of 1X10? c. 
consistent with a maximum allowed organ 


per liter is 


dose of 15 mrep per week for alpha 
radiation, provided this figure is inter- 
pretable to allow an average radiation 
dosage to bronchial epithelium somewhat 
higher than to lung tissue as a whole. 

It is likely that future recommendations 
of the Committee on Radiation Protec- 
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tion will be in rad units and will use a 
factor of 10 rather than 20 as an allow- 
ance for the greater biological effect of 
alpha radiation compared with beta and 
gamma radiation. This will increase the 
allowed organ dose to 30 mrad per week 
for alpha radiation and the acceptable 
level for radon to 2X10 c¢. per liter.# 
Since the present data confirm sugges- 
tions that the primary radiation hazard 
to the lung is from the radon daughters 
rather than radon itself, it appears reason- 
able to interpret this level for practical 
purposes as a statement that the continu- 
ous air-borne daughter concentration, 
RaA through RaC’, shall not exceed 
that in equilibrium with 2X10" c. radon 
per liter. This, in effect, will permit 
higher radon levels provided, as is often 
the case under practical exposure condi- 
tions, the daughters are present in 
substantially than equilibrium 
amounts.!° 

In addition, data indicate that, 
under some conditions, the radon daugh- 
ters present in filtered air can be de- 
posited in appreciable amounts’ on 
surfaces by vigorous circulation of the 
air. Whether any practical application 
can be made of this technique for reduc- 
ing daughter levels is not known. Such 
daughters as remain in suspension, how- 
ever, may be more than normally haz- 
ardous because of a greater retention and 


less 


our 


localization in the human _ respiratory 
system. 


All the previously discussed tolerance 
calculations were on the basis of con- 


§ The International Committee on Radiation Pro- 
tection recommends a value of 10 as the RBE for 
alpha particles (Recommendations of International 
Commission on Radiological Protection [1953], 
Brit. J. Radiol., Supp. 6, 1955). An RBE of 10 
is given in Handbook 61, U. S. Department of 
Commerce, entitled Regulation of Radiation Expo- 
sure by Legislative Means, Dec. 9, 1955. 

# Morgan, K. Z.: Maximum Permissible Con- 
centration of Radon in the Air, unpublished memo- 
randum prepared for the Subcommittee on Internal 
Dose of the National Committee on Radiation Pro- 
tection, 1951; revised, 1954. 
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tinuous exposure to an atmosphere con- 
taining radon. In practice, the maximum 
acceptable concentration during a 40-hour 
week would be higher by a factor of 
3 if the recommendations of the National 
Committee on Radiation Protection are fol- 
lowed, and if no further exposure occurs 
away from work.” 

The fundamental assumption 
which these tolerance 


upon 
calculations are 
based, that the maximum allowable radi- 
ation dosage to the lung should be 0.3 
rad per week of B, y radiation or a smaller 
amount of @ radiation by a factor of 10 
or 20, has not been demonstrated spe- 
cifically for human lung tissue. There- 
fore, the data presented here have by no 
means constituted proof that exposure 
even to substantially larger concentra- 
tions of radon and radon daughters will 
necessarily be followed by objective evi- 
dence of damage to the human being 
undergoing such exposure. 


Summary 


Rat exposure studies indicate that the 
biological half-life of air-borne radon 
daughters (the active deposit) is long 
compared with the physical life. Dog 
exposure studies indicate that the lining 
epithelium of the large bronchi receives 
an average radiation several times as high 
as the lung as a whole. Human reten- 
tion studies show a retention in the 
respiratory tract of about 25% of radon 
daughters in air with a normal dust load, 
and about 75% of daughters from very 
clean air. 

It is concluded that radiation exposure 
to the human lungs from breathing an 
atmosphere containing radon is usually 
primarily due to radon daughters rather 
than to radon itself. It is further con- 
cluded on the basis of experimental data 
presented here that the maximum allow- 
able air concentration of radon currently 
recommended by the National Committee 
on Radiation Protection of c. 
radon per liter (1X10%yc/cc.) for con- 
tinuous 24-hour exposure is consistent 
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with the published assumption of this 
committee that no organ should receive 
a dose of alpha radiation of more than 
15 mrep per week. It is suggested, how- 
ever, that these recommendations be in- 
terpreted in terms of the concentration 
of air-borne radon daughters rather than 
of radon itself. This would permit higher 
radon concentrations 
radon 


under conditions 
daughter concentrations 
were kept low by ventilation or other 
procedures. Reference is made to a pro- 


where 


posed increase in the acceptable weekly 
alpha radon dose by a factor of slightly 
greater than 2. This would allow a similar 
increase in the permissible air concentration 
of radon and radon daughters. 


Dr. William F. Bale gave advice and assistance 
in the planning and interpretation of these experi- 
ments. Dr. John B. Hursh, Dr. Adrian H. Dahl, 
Mr. Stuart Black, and Mr. Francis Gavigan helped 
in various phases of this work. Part of the data 
is taken from a thesis titled “An Evaluation of 
the Pulmonary Radiation Dosage from Radon and 
Its Daughter Products,” presented to the Univer- 
sity of Rochester in partial fulfillment of the re- 
quirements for the Ph.D. in Biophysics, and issued 
as Report UR-298. A preliminary report on some 
of the results given here was submitted in ab- 
stract form for presentation before the 1955 In- 
ternational Conference on the Peaceful Uses of 
Atomic Energy. 
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Tentative threshold limits for 17 pesti- 
cides were first issued by the American 
Conference of Governmental Industrial Hy- 
gienists in 1954.' Because of the wide use 
of pesticides it was decided to add values 
for typical bacteriostats, fungicides, and 
rodenticides to the tentative list of Thresh- 
old Limit Values for 1956. Although it is 
impossible at this time to issue values for 
the hundreds of pesticides now in use, it is 
believed that the establishment of threshold 
limits for environmental concentrations of 
certain representative compounds in each 
class will supply reference values from 
which the probable limits for other sub- 
stances may be calculated as required. The 
data which I presented to the Committee 
on Threshold Limits as the basis for the 
values for pesticides are also given in this 
paper. 

Increasing attention is being given to the 
toxicity of mixtures. Although it is prema- 
ture to issue threshold limit values for 
mixed pesticides, data are accumulating. A 
theoretical approach to the assessment of 
the toxicity of mixtures of pesticides is in- 
cluded in this paper. 


1. Basis for Values on Individual 
Compounds 


Insecticides 


It is convenient to divide the insecticides 
into the following groups: organic phos- 
phates, chlorinated hydrocarbons, and mis- 
cellaneous types. Because of the difficulty 
and cost of conducting inhalation toxicity 
work, comparatively little is known of the 


physiological response of mammals _ to 


Received for publication March 12, 1956. 
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measured atmospheric concentrations of in- 
secticides. It has, therefore, been necessary 
to call on oral and dermal data as well as 
use experience. 

Organic Phosphates.—Parathion (O,O- 
diethyl O-p-nitrophenyl thiophosphate) has 
been selected as the prototype of this group, 
because extensive data have been accumu- 
lated on it. Also it is among the most toxic 
and important of insecticides. Depression 
of the cholinesterase activity is the most 
sensitive criterion in animals of organic 
phosphate poisoning. Several surveys in 
which atmospheric concentrations of para- 
thion and cholinesterase levels have been 
measured are reported. 

In 1949 American Cyanamid Company 
investigators * reported that small animals 
exposed in a citrus grove for three days to 
levels of parathion below 0.12 mg/m.3 
(0.01 ppm) showed no significant lowering 
in serum esterase activity. 

Brown and Bush? stated that workers 
exposed to parathion concentrations of 
0.1-0.8 mg/m. in a processing plant showed 
slight but significantly lowered cholinester- 
ase activity. 

Sarnes,®-in England, did not measure air 
concentrations of parathion but found that 
some workers had statistically low choli- 
nesterase levels under similar conditions to 
those reported by Brown and Bush. 

Kay and co-workers * measured both air 
concentrations of parathion during spraying 
and blood cholinesterase levels of workers 
exposed in the orchards. These persons 
were exposed to levels of 2-15 mg/m.* of 
parathion for periods of two to five days 
on five occasions over a period of two 
months. While no statement could be made 
as to the effect on individual workers, the 

* Agricultural Chemicals Division, American 


Cyanamid Company: Personal communication to 
the author. 
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average cholinesterase level of these persons 
below that of controls at 


was some 25% 
It would 
appear that marginal exposure had occurred 
in this case. 


the end of the spraying season. 


An estimate of the average 
exposure received cannot be more than ap- 
proximate. If, however, ex- 
posure of 8 mg/m.*is assumed on working 
days and spraying was engaged in on one 
day out of four, the average daily exposure 
was not more than 2 mg/m.’ for the two- 
month period. 


an average 


Based on these calculations, 2 mg/m. 
would appear to be an excessive routine 
exposure. Brown and Bush’s work suggests 
that even 0.45 is excessive. 

Conclusions based on animal experimen- 
tation would lead one to expect a sharper 
human response to such exposure, because 
some dermal contact must be assumed to 
occur. Lehman*® has reported the acute 
dermal L. D.s9 of parathion to be 40-50 
mg/kg. for rabbits. Batchelor and Walker ® 
reported cutaneous L. D.59’s for rats of 10 
and 21 mg/kg. for females and males, re- 
spectively. In the same paper they reported 
that the daily combined dermal and respira- 
tory exposure of a group of workers using 
parathion in an orchard might approach 9 
mg/kg. As they point out, these exposures 
approach the toxic level determined on ani- 
mals. They carried out no cholinesterase 
determinations but stated that the exposure 
was to a large extent innocuous. 

It is impossible to select an unequivocal 
value from the data available, but it is prob- 
able that 1 mg/m. of parathion in the 
atmosphere, if breathed daily eight hours 
per day, would have a physiological affect 
in man. It would also probably not seriously 
affect health. To provide a margin of 
safety, one-tenth of this figure, or 0.1 mg/ 
has been proposed. 

If the figure of 0.1 mg/m.* is accepted 
for parathion, a table of values for other 
organic phosphates based on their compar- 
ative acute oral toxicities may be drawn up. 
Since the hazard of these compounds by 
other routes is essentially parallel to the 


oral one, this is a rational procedure (Table 


Taste 1.—Acute Oral L.D.s0's of Organic 
Phosphates and Proposed Threshold 
Limit Values 


|} L.D. Threshold 
Compound | Mg./Kg Amit, 
| {g./M.? 
= 
Parathion (O, O-diethyl O-p-nitro- | 
phenyl thiophosphate) | 6 0.1 
TEPP (tetraethyl pyrophosphate) 3 0.05 
TEDP (tetraethyl dithionopyro- | 
phosphate) } 10-12 0.2 
EPN (ethyl-p-nitrophenyl thiono- | | 
benzenephosphonate) 30 0.5 
Malathion (O, O-dimethyl] dithio- 
phosphate of diethyl mercapto- 
succinate 4000 15.0 


Chlorinated Hydrocarbons.—The estab- 
lishment of threshold limits for the chlori- 
nated hydrocarbons is theoretically more 
difficult than for the organic 
There is no recognized simple 


phosphates. 
criterion of 
physiological response in man, such as the 
depression of the cholinesterase activity, al- 
demon- 
serum esterase 


though Canadian workers‘ have 
strated that a 


activity follows exposure to these com- 


rise in rat 
pounds. Their chronic toxicities do not bear 
a close relationship to their acute oral ones. 
Also, skin toxicities are unexpectedly high 
in some cases. 

The vapor toxicity of lindane has been 
the subject of several comprehensive investi- 
gations which provide the data on which a 
tentative threshold limit for this insecticide 
may 
found minimal pathology in several species 


be based. Treon and co-workers 
of laboratory animals exposed seven hours 
a day, five days a week for about a year to 
an average of 0.7 mg/m.* of lindane (gam- 
hexachlorocyclohexane ). 
Spear ¢ exposed rats to 0.19 mg/m.® for 24 
hours a day continuously for 655 days and 


ma isomer of 


+ Treon, J. F., and others: Effects of Repetitive 
Exposure of Animals to Lindane Vapor, with 
Some Observations on the Distribution of Lindane 
in Their Tissues: Report from Kettering Labora- 
tory, University of Cincinnati College of Medicine, 
July, 1951. 

tSeeer; Ju 


Vaporization of Insecticides, 


Thesis, University of Massachusetts, 1952. 
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found no pathology. From these two re- 
ports it appears that the maximum exposure 
which rats can tolerate without ill effect for 
eight hours daily lies between 0.6 and 0.7 
mg/m.°. 

Treon has suggested 0.5 mg/m.* as the 
threshold limit in air. The 
Canadian Association, among 
other agencies, has suggested that vaporizer 
output should not exceed 1 gm. of lindane 
per 15,000 ft.* of room space in 24 hours. 
Calculations from Tatro’s work § indicate 
that losses due to air changes and absorp- 
tion reduce actual concentrations to 0.023 
mg/m.* under these standard conditions. 
Reported excessive exposures to lindane 
vaporization have resulted only when equip- 
ment failed due to overheating. 

The U. S. Public Health Service® re- 
ported results on the inhalation toxicity of 
D. D. T. Human volunteers breathed 423 
mg/m.” for periods of one hour a day for 
six days. This exposure caused only eye 
irritation. Princi® found no ill effects in 
workmen exposed to an average of 5 mg/ 
m.* of aldrin and chlordane for three years. 
However, when a variety of laboratory ani- 
mals were exposed to 4.1 mg/m.® of chlor- 
dane for periods of seven hours, death 
occurred in 36 to 85 days according to 
Heyroth and Treon. 

The value of 0.5 mg/m.* proposed by 
Treon for lindane is a compromise between 
what would be concluded from animal ex- 
perimentation and what has been found by 
experience in the case of humans. The U. S. 
Public Health Service’s report suggests that 
humans can tolerate surprisingly high levels 
of D. D. T. in air. On the other hand, 
lindane is only twice as toxic as D. D. T. 
from an acute oral point of view, and 
chlordane which is half as toxic as D. D. T. 
caused death in rats at 4.1 mg/m.*. It 
would appear that D. D. T. should have a 
threshold limit of 1, and chlordane -one of 


for lindane 
Standards 


§ Tatro, M. C.: 
Lindane by Certain 
Massachusetts, 1952. 

|| Heyroth, F. F., and Treon, J. F.: Personal 
communication to the author. 
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Study of the Absorption of 
Foods, Thesis, University of 


2 mg/m.*. In spite of Princi’s work it does 
not appear advisable to permit more than 
0.25 mg/m.* of aldrin to contaminate air 
that is being breathed for prolonged periods 
because of its low oral L. D.59 and demon- 
strated high skin toxicity. 

Based on the above information and rea- 
soning, a table of acute oral L. D.59’s and 
suggested threshold limits for a few repre- 
sentative chlorinated hydrocarbon insecti- 
cides may be presented (Table 2). 


TABLE 2.—Acute Oral L.D.s’s of Chlorinated 
Hydrocarbons and Proposed Threshold 
Limit Values 


Threshold 


L.D.s0, Limit, 
Compound Mg./Kg Mg./M.* 
Lindane (hexachlorocyclohexane) 125 0.5 
D.D.T. (2,2-bis _[p-chloropheny]] 
-1,1,1-trichloroethane) 250 1.0 


Chlordane (1,2,4,5,6,7,8,8-octachloro- 
3a,4,7,7a-tetrahydro-4,7-methano- 
indane) 590 2.0 


Aldrin (1,2,3,4,10,10-hexachloro-1,4, 
4a,5,8,8a-hexahydro-1,4,5,8-di- 
methanonaphthalene) 60 0.25 


Dieldrin (1,2,3,4,10,10-hexachloro-6, 
T-epoxy-1,4,4a,5,6,7,8,8a-octahydro- 
1,4,5,8-dimethanonaphthalene) 70 0.25 


Methoxychlor (2,2-diparamethoxy- 


phenyl-1,1,1-trichloroethane) 5000 15.0 


Miscellaneous Types.—One of the oldest 
insecticides is pyrethrum. It is generally 
considered to be innocuous to mammals, but 
its acute oral L. D.59 is about that of D. D. 
T., although chronically it is much less 
toxic. If the threshold limit for D. D. T. 
is 1.0 mg/m.3, that for pyrethrum might be 
2.0. 

Some of the older insecticides are still 
used in large quantities, but because they 
were introduced before the present elaborate 
screening procedures, comparatively little 
data have accumulated on their toxicity. 
Calcium arsenate was found to have an 
acute oral L. D.s59 of about 100 for rats in 
our laboratory.{ Chronically, we found it 
caused an abnormally high number of blind 
litters when the parent rats were fed at 
~ ¥ Ball, W. L., and Sinclair, J. W.: Divisional Re- 
port, Occupational Health Division, Department 
of National Health and Welfare of Canada, 1952. 
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5 mg/kg. daily for 45 days. Other work- 
ers?” have reported the acute oral L. D.50 
of calcium arsenate to be 20 mg/kg. for rats 
and 40 mg/kg. for rabbits. Fairhall and 
Miller * in two-year feeding tests on rats 
established that calcium arsenate was even 
more toxic than lead arsenate. It is sug- 
gested that the threshold limit values for 
calcium and lead arsenate be 0.10 and 0.15 
mg/m.*, respectively. 


Bacteriostats and Fungicides 


It is convenient to examine bacteriostats 
and fungicides together, as many of them 
are used interchangeably. 

Perhaps the most important group are 
the organomercurials, which are highly 
toxic by all routes of entry to the body. 
Fortunately their inhalation toxicity has 
been carefully studied by foreign investiga- 
tors. Both Ahlmark, in Sweden,'* and 
Trakhtenberg, at the Kiev Medical Institute 
in Russia,’* have stated that organomercu- 
rials are more toxic than their content of 
mercury in the metallic state would suggest. 
These workers independently proposed a 
threshold limit of 0.01 mg/m.*. Since the 
value of 0.1 mg/m.* has been generally ac- 
cepted in America for mercury vapor, and 
in the apparent absence of comparable work 
here, it is a rational decision to accept their 
value. Although their acute oral L. D.50's 
run as low as 5-10 mg/kg., the inhalation 
toxicity of the organic mercurials is still 
surprisingly high. A table of bacteriostat 


TABLE 3.—Acute Oral L.D.s0’s of Bacteriostats 
and Fungicides with Proposed Threshold 
Limit Values 


| 
| Threshold 
L.D.so, | Limit, 
Compound Mg./Kg. Mg./M.* 
P. M. A. (phenylmercurie acetate) 25 0.01 (as 
| mercury) 
Karathane (2-capry!-4,6-dinitro- 
phenyl crotonate) 1000 10.0 
Nabam (disodium  ethylene-bis 
{dithiocarbamate}) 395 3.0 
Zineb (zine ethylene-bis [dithio- 
carbamate]}) 5200 15.0 
Captan (N-trichloromethylmercap- 
to-4-cyclohexene-1,2-dicarboxi- | 
mide) 15,000 | 15.0 
| 


and fungicide L. D.59's with corresponding 


threshold limits follows, based on compara- 
tive acute oral toxicity (Table 3). 


Organic Herbicides 


The common herbicides, with the excep- 
tion of dinitro-o-cresol which is still used 
extensively in England, are generally of 
Their chronic are 
low compared with those of the chlorinated 
hydrocarbons of equal acute toxicity. Ac- 


low toxicity. toxicities 


cordingly they have been assigned somewhat 
higher threshold values than would be ex- 
pected, as noted in Table 4. 


TABLE 4.—A cute Oral L.D.s0’s of Organic 
Herbicides and Proposed Threshold 
Limit Values 


Threshold 
L.D.so Limit, 
Compound Mg./Kg Mg./M.?* 
24-D _(2,4-dichlorophenoxyacetic 
acid) 1000 | 10.0 
Ammate (ammonium amidosul- | | 
fate) 2000 | 15.0 
Crag herbicide (sodium 2,4- dic hloro- | 
phenoxy ethyl sulfate) 1500 15.0 
Dinitro-o-cresol 50 | 0.2 
Rodenticides 


The trend toward less toxic compounds 
is perhaps most marked in the case of 
rodenticides. 

Yellow phosphorus which has an acute 
oral L. D.59 of about 1 mg/kg. has been 
long employed in rat pastes. A threshold 
limit value of 0.1 mg/m.* has been accepted 
i Based on this figure, 1080 
(sodium monofluoroacetate) with an L. D.5 


in its case. 
of 1.7 mg/kg. should be 0.2 mg/m.*. Since 
it is always dangerous to base a value solely 
on the L. D.s59, and because parathion with 
an L. D.so of 6 mg/kg. has been given 0.1 
mg/m.*, it is suggested that 1080 be 0.1 
mg/m.*. Strychnine with an L. D.s9 of 5 
and thallium sulfate at 3-13 mg/kg. should 
have threshold limits no higher than 0.15 
mg/m.*, Antu (N-[l-naphthyl] thiourea) 
also has an L. D.5o of 5 mg/kg. for rats, 
but since it is much less toxic to man, a 


value of 0.3 might be acceptable. 
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The anticoagulants, such as Warfarin 
(3-[a-acetonylbenzyl] -4-hydroxycoumarin ) 
which has an L. D.59 of 160 mg/kg., present 
little acute hazard. Because their action is 
cumulative, their threshold limits should be 
lower than their acute oral L. D.59’s would 
suggest. A value of 1.0 mg/m.? is proposed 
for Warfarin. 


2. A Theoretical Approach to Limits 
for Mixtures 


Reports of synergistic or antagonistic in- 
teraction of toxic chemicals have made 
industrial hygienists increasingly aware of 
the need for tolerances for mixtures of 
environmental contaminants. 


The establishment of tolerances for mix- 
tures has been under consideration by the 
Committee on Threshold Limits for several 
years, but because of the complexity of the 
problem no workable approach has as yet 
been found. Comparatively little has been 
published on the toxicity of mixtures. Even 
the theory of the joint action of toxic sub- 
stances under controlled conditions is 
controversial. Although the present consid- 
eration of the problem will be confined. to 
binary mixtures of pesticides, it is prelim- 
inary and superficial. It is, however, hoped 
that it may be an approach to the prediction 
of the toxicity of mixtures, which other 
workers will find useful. 

The three principal types of joint action 
were first delineated by Bliss in 1939." 
Finney in his book, “Probit Analysis,” 
further developed the theory. Excluded 
from the study were cases where reaction 
occurred between the components of the 
mixture. To quote Bliss: 

1. Independent joint action. The poisons or 
drugs act independently and have different modes 
of toxic action. The susceptibility to one com- 
ponent may or may not be correlated with the 
susceptibility to the other. The toxicity of the 
mixture can be predicted from the dosage-mortality 
curve for each constituent alone and the correla- 
tion in susceptibility to the two poisons; the ob- 
served toxicity can be computed on this basis 


whatever the relative proportions of the com- 
ponents. 


2. Similar joint action. The poisons or drugs 
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produce similar but independent # effects, so that 
one component can be substituted at a constant pro- 
portion for the other; variations in individual sus- 
ceptibility to the two components are completely 
correlated or parallel. The toxicity of a mixture 
is predictable directly from that of the consti- 
tuents if their relative proportions are known. 

3. Synergistic action. The effectiveness of the 
mixture cannot be assessed from that of the in- 
dividual ingredients but depends upon a knowledge 
of their combined toxicity when used in different 
proportions. One component synergizes or antago- 
nizes the other. 


An example of independent joint action 
is a mixture of two insecticides, one of 
which is a contact poison and the other a 
stomach poison. Because the components 
act at different reactor sites, the effects pro- 
duced are unrelated, and the insect dies 
from one cause or the other rather than 
from the additive effect of the poisons. Or- 
ganic phosphate insecticides all depress the 
cholinesterase. A mixture of these com- 
pounds would have similar joint action. 
Any quantity of one could be replaced by 
an equally toxic amount of another without 
altering the potency of the mixture; this is 
similar joint action. Piperonyl butoxide is 
not itself a useful insecticide, but when it 
is added to pyrethrum, its synergistic effect 
greatly increases the effectiveness of the 
latter. 

While Bliss’s complex theory applies only 
to binary mixture, it offers a welcome al- 
ternative to the tedious experimental work 
which would be required to assess the joint 
toxicity of a vast number of individual mix- 
tures. If the toxicity of the components of 
a mixture and their type of joint action are 
known, it is possible to predict their com- 
bined toxicity except where synergism or 
antagonism occurs. Even in this case the 
general direction of their mixed toxicity 
will be indicated. An example of the appli- 
cation of the theory follows. 

Storrs and Burchfield '* have developed 
a procedure using mosquito larvae for dis- 
tinguishing between the types of joint action 
of insecticides in which T.59 (time for 50% 


# An unfortunate choice of word, since the 


meaning is entirely different from that in the 
previous paragraph (Finney’s comment). 
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immobilization) is plotted against concen- 
tration. The type of interaction in each 
case was arbitrarily decided by reference 
to a graph showing idealized cases of sim- 
ilar and independent joint action (Fig.). 
The following criteria were used: 


some insecticides is presented in Table 5. 

Noone ™? has discussed the Miller Pesti- 
cide Residue Amendment to the Federal 
Food, Drug, and Cosmetic Act as it affects 
tolerances for multiple residues of pesti- 
cides on foodstuffs. Two classes are sug- 


FRACTION OF COMPONENT B AT CONSTANT TOTAL DOSE 
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Illustration of indepen- 
dent and similar joint 
action of insecticides. 
AOB—Similar joint ac- 
tion; AK B—independent 
joint action; AXC— 
change in T.» of Com- 
ponent A with concentra- 
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T.« of Component B; 
AB—average value of 
for a mixture. 
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Mixtures which gave curves similar to AOB, 
where all points were below the straight line AB, 
were considered examples of similar joint action. 

Pairs of insecticides for which part or all of the 
curves were above the line AB and on which the 
maximum usually exceeded B were considered 
examples of independent joint action. 

Similarly, mixtures with points below A would 
have been considered synergistic, and mixtures 
with points above K antagonistic. 

The type of joint action which these in- 
vestigators found with binary mixtures of 


gested when two or more residues are 
involved. 


1. Where the residues are of different classes, 
e. g., chlorinated hydrocarbons and organic 
phosphates, then the presence of one has no 
effect on the tolerance for the other. Thus, 
where a tolerance of 7 ppm for D.D.T. and a 
tolerance of 1 ppm for parathion have been 
established, up to 7 ppm of D.D.T. and 1 ppm 
of parathion may be present legally. 

2. Residues of pesticides from the same class, 


e. g., chlorinated hydrocarbons. In this case 


TABLE 5.—T ypes of Joint Action Obtained on Various Binary Mixtures of Insecticides 


Components of Mixture 


| 
Action Expected | Action Found 


Total Test 
Concentration, 
Ppm 


Similar 

Independent 
Independent 
Independent 
Independent 
Independent 
Independent 
Independent 
Similar 

Independent 
Independent 
Similar 


Methoxychlor—heptachlor__- 
Methoxychlor—parathion. 
Parathion—malathion.. 
Parathion—heptachlor- 
Heptachlor—chlordane. 
Heptachlor—aldrin 
Aldrin—dieldrin 


Indeterminate 
Similar 


Similar 

Independent 
Independent 
Similar 

Independent 
Independent 
Independent 
Independent 


Indeterminate 
Similar 


28 

a 

24 

A 

16 

D.D.T.—aldrin 

Similar 
Similar 

Independent 

Similar 
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Noone suggests that three different situations 

could occur. 

A. Methods are available that permit quantita- 
tive determination of each residue. 

When two or more residues of pesticides 
of the same class are present and there are 
available methods which permit quantitative 
determination of each residue, the residues 
are handled as follows: When the amount 
of each residue is measured percentagewise 
against the tolerance for that particular 
chemical, the total amount of residues pres- 
ent may not exceed 100%. 

B. Methods are available that permit quantita- 
tive determination of one or more, but not 
all, of the residues. 

If the total residue due to a certain class 
of pesticide, e. g., chlorinated hydrocarbon, 
is known, 2A will apply to the known resi- 
dues and the unidentified remainder will 
receive the tolerance of the most 
member of the class. 

C. Methods are not available for the quantita- 
tive determination of the various residues 
present. 

If the class of residue is known, then 
the tolerance for the most toxic member 
of the series shall apply. 

It is of interest to examine Noone’s in- 
terpretation in the light of the theory of 
joint action and our knowledge of certain 
specific mixtures of pesticides, as the rea- 
soning used might be equally applied to 
mixed pesticides in air. While it is at vari- 
ance with the theory and some available 
information on mixtures, Noone’s sugges- 


toxic 


tion will be useful in many cases. It over- 
simplifies the situation, however, by ignoring 
the possibility of synergism or antagonism. 
Also, it is erroneous to assume that all 
chlorinated hydrocarbons have similar joint 
action or that mixtures of chlorinated hy- 
drocarbons and organic phosphates always 
exhibit independent joint action. The fol- 
lowing examples illustrate these exceptions. 

Work carried out in this laboratory '* has 
shown that pretreatment of rats with certain 
chlorinated hydrocarbon insecticides greatly 
increases their resistance to some organic 
phosphates. Even when they were adminis- 
tered simultaneously, the combined effect 
of the two types was less than that of the 
organic phosphate alone. Noone might have 
predicted independent joint action in this 
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case, whereas it appears to be an example 
of antagonism. 

When mixtures of pyrethrum and rote- 
none are tested on flies, there is evidence 
of synergism according to Finney.’® In the 
absence of this evidence Noone’s interpreta- 
tion might have classified this as independ- 
ent joint action, because the compounds 
were structurally different. 

If Table 5 is examined, it will be seen 
that D. D. T. and heptachlor, although both 
chlorinated hydrocarbons, exhibit independ- 
ent joint action. D. D. T. or heptachlor and 
parathion, on the other hand, show similar 
joint action. These examples point out the 
danger of deciding what type of joint action 
exists without experimental data. Generally 
pairs of structural analogues, such as D. D. 
T. and methoxychlor, heptachlor and chlor- 
dane in one series or parathion and mala- 
thion in another, show similar joint action 
in mixtures. Similar joint action may, how- 
ever, occur with dissimilar compounds, as 
seen in Table 5. 

Bliss’s classification of all joint action 
into three types presents a practicable the- 
oretical basis upon which to build a pro- 
gram directed toward the establishment of 
threshold limits for mixed contaminants. 
Because Storrs and Burchfield’s work was 
on insects, it would be hazardous to apply 
it directly toward predicting the joint action 
of insecticides on mammals. It does, how- 
ever, indicate that it is possible to design 
animal experiments which will yield the re- 
quired information. A tremendous amount 
of exposure chamber work with animals 
will be required to delineate the classes into 
which mixtures of pesticides fall. Complex 
as it is, the theory of the toxicity of binary 
mixtures is simple compared with the situ- 
ation which exists when mixtures of three 
or more constituents occur as in the case 
of atmospheric pollution. A better under- 
standing of the simpler mixtures is, how- 
ever, a worth-while subject for investigation. 


Summary 
The experimental data and reasoning on 
which the Committee on Threshold Limits 
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of the American Conference of Governmen- 
tal Industrial Hygienists has based its values 
for pesticides in air have been presented. 

A theoretical approach to forecasting the 
toxicity of binary mixtures of pesticides 
based on the theories of 
discussed. 


Bliss has been 
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THRESHOLD LIMIT VALUES FOR 1956 


Adopted at the I8th Annual Meeting of the American 
Conference of Governmental Industrial Hygienists, 
Philadelphia, April 21-24, 1956 
ALUES are given in the following tabulation for the maximum average 
atmospheric concentration of contaminants to which workers may be exposed 
for an eight-hour working day without injury to health. 

These values are based on the best available information from industrial 
experience, from experimental studies, and, when possible, from a combination 
of the two. They are not fixed values but are reviewed annually by the Committee 
on Threshold Limits for changes, revisions, or additions as further information 
becomes available. Threshold limits should be used as guides in the control of 
health hazards and should not be regarded as fine lines between safe and 
dangerous concentrations. They represent only conditions under which it is felt 
that workers may be repeatedly exposed, day after day, without adverse effect on 
their health. The figures listed refer to average concentrations of an eight-hour 
working shift rather than a maximum which is not to be exceeded even momen- 
tarily. The amount by which these figures may be exceeded for short periods 
during the workday depends upon a number of factors, such as the nature of the 
contaminant, whether very high concentrations even for short periods produce 
acute poisoning, whether the results are cumulative, the frequency with which 
high values occur and for what periods of time. All must be taken into considera- 
tion in arriving at a decision as to whether a hazardous situation is deemed to 
exist. 

These values are not intended for use, or for modification for use, in the 
evaluation or control of community air pollution or air-pollution nuisances. 

The Committee welcomes the suggestion of substances to be added to the list 
and also comments, references, or reports of experience with these materials. 


Received for publication May 10, 1956. 


ESTABLISHED VALUES 
Gases and Vapors 


Approx. Mg. Approx. Mg. 
SUBSTANCE PPM* per Cu. M.t SusstTance PPM* per Cu. MF 
Acetaldehyde ............ 200 - 360 (x)Benzyl chloride .......... l 5 
Acetic anhydride ......... 5 20 Butadiene (1,3-butadiene) . 1,000 2,200 
1000+ 2,400 Butanone (methyl ethyl 
20 45 Butyl acetate (n-butyl 
(x)Allyl alcohol ............ 5 12 200 950 
(x) Allyl propyl disulfide ..... 2 12 Butyl alcohol (n-butanol). 100 300 
100 70 (x) Butylamine .............. 5 15 
Amyl acetate ............ 200 1,050 Butyl cellosolve 
Amy! alcohol (isoamyl (2-butoxyethanol) ...... 200 970 
100 360 Carbon dioxide ..........5,000 9,000 
5 19 Carbon disulfide .......... 20 60 
0.05 0.2 Carbon monoxide ........ 100 110 
Benzene (benzol) ........ 35 
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THRESHOLD LIMIT VALUES 


Approx. Mg. 
PPM* per. Cu. 


Approx. Mg. 


SUBSTANCE SUBSTANCE PPM* per. Cu. M.F 


Cellosolve (2-ethoxy- 
ethanol) 

Cellosolve acetate 
(2-ethoxyethyl acetate). . 

Chlorine 


740 


(x)Chlorine trifluoride 


Chlorobenzene 
(monochlorobenzene) 
Chloroform 
(trichloromethane) 
1-Chloro-1-nitropropane ... 
Chloroprene 
(2-chloro-1,3-butadiene) 
Cresol (all isomers) 
Cyclohexane 
Cyclohexanol 
Cyclohexanone 
Cyclohexene 
Cyclopropane 


(x) Diacetone alcohol 


(4-hydroxy-4-methyl- 
2-pentanone ) 


(x) Diborane 


o-Dichlorobenzene 
Dichlorodifluoromethane .. 
1,1-Dichloroethane 
1,2-Dichloroethylene 
Dichloroethyl ether 
Dichloromonofluoro- 
methane 
1,1-Dichloro-1- 
nitroethane 
Dichlorotetrafluoro- 
ethane 


(x) Difluorodibromomethane .. 
(x) Diisobutyl ketone 


Dimethylaniline 
(N-dimethylaniline) .... 

Dimethylsul fate 

Dioxane (diethylene 
dioxide) 

Ethyl acetate 

Ethyl alcohol (ethanol) .. 

Ethylamine 

Ethylbenzene 

Ethyl bromide 

Ethyl chloride 

Ethyl ether 

Ethyl formate 

Ethyl silicate 

Ethylene chlorohydrin .... 


(x) Ethylenediamine 

Ethylene dibromide 
(1,2-dibromoethane) 

Ethylene dichloride 
(1,2-dichloroethane ) 


(x) Ethylene imine 
Ethylene oxide 
Fluorine 
Fluorotrichloromethane 
Formaldehyde 
Gasoline 
Heptane (n-heptane) 
Hexane (n-hexane) 
Hexanone (methyl butyl 
ketone) 
Hexone (methyl isobutyl 
ketone) 
(x) Hydrazine 
(x) Hydrogen bromide 
Hydrogen chloride 
Hydrogen cyanide 
Hydrogen fluoride 
(x)Hydrogen peroxide, 90%.. 
Hydrogen selenide 
Hydrogen sulfide 
lodine 
Isophorone 
(x) Isopropylamine 
Mesity! oxide 
Methyl acetate 
(x)Methyl acetylene ......... 1,000 
Methyl! alcohol (methanol) 200 
Methyl! bromide 
Methyl! cellosolve 
(2-methoxyethanol) .... 
Methyl cellosolve acetate 
(ethylene glycol 
monomethyl ether 
acetate) 
Methyl chloride 
Methylal (dimethoxy- 
methane ) 
Methyl chloroform 
(1,1,1-trichloroethane ) 
Methyleyclohexane ....... 
Methylcyclohexanol ...... 
Methylcyclohexanone 
Methyl formate 
(x) Methyl isobutyl carbinol 
(methyl amyl alcohol)... 
Methylene chloride 
(dichloromethane) 
Naphtha (coal tar) ...... 200 
Naphtha (petroleum) .... 500 
Nickel carbonyl 
(x) p-Nitroaniline 
Nitrobenzene 
Nitroethane 
Nitrogen dioxide 
Nitroglycerin 
Nitromethane 
2-Nitropropane 
Nitrotoluene 


9 
180 


200 a 
1 0.2 
100 540 5,600 
1 3 6 
2,000 
75 350 1,800 
100 490 410 q 
20 100 
410 
25 90 13 | 
5 22 17 
400 ‘1,400 7 
100 410 
0 400 2 
400 1,350 14 ee 
400 690 05 0.2 a 
1 1 
140 
50 300 
1,000 4,950 
100 400 1,650 
20070 ig 
15 90 
1,000 4,200 
10 60 tes 
1,000 7,000 
4 
50 290 
2,700 a 
2,000 
470 a 
100 360 250 i 
400 ‘1,400 
1,000 1,906 100 4 
25 45 
200 870 1,750 7 
200 890 800 a 
1,000 2,600 2,000 
400 1,200 001 0.007 
100 300 6 
100 850 5 4 
5 16 310 
30 9 
5 5 
eee 25 190 250 
. 180 
187 
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Approx. Mg. 


SUBSTANCE PPM* per. Cu. M.t 
0.1 0.2 
Pentanone (methyl 

propyl ketone) ......... 200 700 
Perchlorethylene 

(tetrachloroethylene ) 200 1,350 

(x)Phenylhydrazine ......... 5 22 

Phosgene (carbonyl 
Phosphorus trichloride .... 0.5 3 
Propyl alcohol 
(isopropyl alcohol) ..... 400 980 
Propyl ether 
(isopropyl ether) ...... 500 2,100 
Propylene dichloride 
(1,2-dichloropropane ) 75 350 
(x) Propylene imine .......... 25 60 


* Parts of vapor or gas per million parts of air by volume. 
+ Approximate milligrams of dust, 1 Y 
(x) These values appeared on the tentative list for 1955. 


Approx. Mg. 


fume, or mist per cubic meter of air. 


Toxic Dusts, Fumes, and Mists 


Mg. per 
SUBSTANCE Cu. M.t 
(x)Aldrin (1,2,3,4,10,10-hexachloro- 
1,4,4a,5,8,8a-hexahydro-1,4,5,8- 
dimethanonaphthalene) .......... 0.25 
(x)Ammate (ammonium sulfamate) .... 15 
Barium (soluble compounds)....... 0.5 
Cadmium oxide fume............... 0.1 
(x)Chlordane  (1,2,4,5,6,7,8,8-octachloro- 
3a,4,7,7a-tetrahydro-4,7- 
(x)Chlorinated diphenyl oxide.......... 0.5 
Chlorodiphenyl (42% chlorine)...... 1 
Chromic acid and chromates (as 


(x) Crag herbicide (sodium 2-[2,4-dichloro- 


phenoxy] ethanol hydrogen sulfate) 15 
(x)2,4-D (2,4-dichlorophenoxyacetic 
10 
(x) Dieldrin (1,2,3,4,10,10-hexachloro- 
6,7-epoxy-1,4,4a,5,6,7,8,8a,- 
octahydro-1,4,5,8-dimethano- 

0.25 
1.5 

(x)EPN (O-ethyl O-p-nitrophenyl thi- 

onobenzenephosphonate) .......... 0.5 

(x)Ferrovanadium dust ................ 1 
188 


SUBSTANCE PPM* per. Cu. M.t 

0.1 0.5 
Stoddard solvent ......... 500 2,900 
Styrene monomer 

(phenylethylene) ...... 200 850 

Sulfur dioxide ........... 10 25 

(x)Sulfur hexafluoride ...... 1,000 6,000 
Sulfur monochloride ..... 1 6 
(x) Sulfur pentafluoride ...... 0.025 0.25 
(x) p-Tertiarybutyltoluene 10 60 
1,1,2,2-Tetrachloroethane . 5 35 
(x)Tetranitromethane ....... 8 
Toluene (toluol) ........ 200 750 
Gr 5 22 
Trichloroethylene ........ 200 1,050 
(x) Trifluoromonobromo- 

Vinyl chloride 

(chloroethylene) ....... 500 1,300 
200 870 

Mg. per 
SUBSTANCE Cu. M.t 
(x)Lindane (hexachlorocyclohexane, 

Magnesium oxide fume ............ 15 
(x) Malathion (O,O-dimethyl dithiophos- 

phate of diethyl mercaptosuccinate) 15 

(x)Mercury (organic compounds)...... 0.01 
(x) Methoxychlor (2,2-di-p-methoxy- 
phenyl-1,1,1-trichloroethane) ..... 15 
(x) Molybdenum 
(soluble compounds) ............ 5 
(insoluble compounds) .......... 15 
Parathion (O,O-diethyl O-p-nitro- 

phenyl thiophosphate) ........... 0.1 
Pentachloronaphthalene ............ 0.5 
0.5 
Phosphorus (yellow) .............. 0.1 
Phosphorus pentachloride .......... 1 
Phosphorus pentasulfide ............ 1 

Selenium compounds (as Se)....... 0.1 


(x)Sodium hydroxide 2 


(x)TEDP (tetraethyl dithionopyrophos- 
(x)TEPP (tetraethyl pyrophosphate)... 0.05 


4 
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Mg. per 
SUBSTANCE Cu. M.t 
Tetryl (2,4,6-trinitrophenylmethyl- 
(x) Titania Goxide 15 
Trichloronaphthalene 5 
Uranium 
(soluble compounds) ..........+ 0.05 
(insoluble compounds) .........--. 0.25 
(x) Vanadium 


t Milligrams of dust, fume, or mist per cubic meter of air. 
(x) These values appeared on the tentative list for 1955. 


Mineral 
SUBSTANCE MPPCF§ 
Dust (nuisance, no free silica)......... 50 
Mica (below 5% free silica)............ 20 


§ Millions of particles per cubic foot of air. 


SUBSTANCE Cu. M.t 
(x)Zirconium compounds (as Zr) ...... 5 


Radioactivity: For permissible concentrations of radio- 
isotopes in air, see “Maximum Permissible Amounts of 
Radioisotopes in the Human Body and Maximum Per- 
missible Concentrations in Air and Water,” Handbook 52, 
U. S. Department of Commerce, National Bureau of 
Standards, March, 1953. In addition, see ‘Permissible 
Dose from External Sources of Ionizing Radiation,” Hand- 
book 59, U. S. Department of Commerce, National Bureau 
of Standards, Sept. 24, 1954. 


Dusts 
SUBSTANCE MPPCF§ 
Silica 
high (above 50% free SiO:).......... 5 
medium (5 to 50% free SiO:)......... 20 
low (below 5% free SiO:)............ 50 
Slate (below 5% free SiOz) ............ 50 
Soapstone (below 5% free SiOz) ...... 20 
Total dust (below 5% free SiOz) ...... 50 


TENTATIVE VALUES 
The following values are suggested for further consideration before being 
presented for adoption as established values. 


Approx. Mg. 


SUBSTANCE PPM|| per Cu. M-§ 
Allyl chloride ............ 5 15 
ANTU (alpha-naphthyl- 

(x) Butyl mercaptan ......... 10 35 

(x)Calcium arsenate ......... 0.10 
Chlorinated camphene, 60% 0.5 
Chlorobromomethane 

Chlorodiphenyl (54% 


(x)D.D.T. (2,2-bis-[p-chloro- 
phenyl!) -1,1,1-trichloro- 


1 
Decaborane (BwHu) ..... 0.05 0.3 
2, 4-Diisocyanotoluene .... 0.1 0.7 
Dinitrobenzene ........... 1 
Ethyl acrylate 25 100 
(x) Ethyl mercaptan ......... 25 640 
Ferbam (ferric dimethyl- 
dithiocarbamate) ....... 15 


Approx. Mg. 


SUBSTANCE PPM|| per. Cu. 


Fluoroacetates ........... 0.1 
(x)Furfuryl alcohol ......... 50 200 

HETP (hexaethyl tetra- 

(x) Lead arsematé 0.15 

Methyl acrylate .......... 10 35 
(x) Methyl mercaptan ........ 50 100 

0.5 

Pentaborane (B;Hs) ...... 0.01 0.03 
(x)Perchloromethyl mercaptan 0.1 0.8 

5 

Tetrahydrofuran ............. 200 590 
Thiram (tetramethyl- 

thiuram disulfide) .......... 5 
Thallium (soluble compounds) . 0.15 


Warfarin (3-[a-acetonylbenzl ]- 
4-hydroxycoumarin) 


Parts of vapor or gas per million parts of air by volume. 
{ Approximate milligrams of dust, fume, or mist per cubic meter of air. 
(x) These values appeared on the tentative list for 1955. 


Beryllium: During the past few years several papers 
have appeared in the literature which report a limit of 2y 
per cubic meter of air for beryllium. Among these are the 
paper by Van Ordstrand, H. S.: Berylliosis, A.M.A. Arch. 
Indust. Hyg. 10:232-234 (Sept.) 1954 and one by Sterner, 
J. H., and Eisenbud, M.: Epidemiology of Beryllium In- 

WiiuiaM L. BALL H. E. StoKINGER W. 


L. T. FAmrHALL S. SMITH 


S. D. SILver 


toxication, A.M.A. Arch. Indust. Hyg. 4:123-151 (Aug.) 
1951. Conflicting data from industrial experience have 
caused the Committee to postpone the suggestion of a 
threshold limit for this material. It is apparent that more 
epidemiologic work is needed for the establishment of a 
definite value. 


H. REINHART A. J. VorwaLp 


ALLAN L. CoLEMAN, Chairman 
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Abstracts from Current Literature 


Epirep By W. Davip SMALL 


Physiology and Nutrition 


Enercy Expenpep WHILE WALKING IN Stoopinc Postures. THoMAS Beprorp and C. G. 

Warner, Brit. J. Indust. Med. 12 :290-295 (Oct.) 1955. 

In experiments on two subjects it was found that walking with a stoop sufficient to reduce 
a man’s height by 20% increased the energy cost from 30% to 50% above that of normal 
walking. When the stoop was increased so as to cause a height reduction of 40%, the energy 
cost of walking was increased to three-and-one-half times that of normal walking. Walking 
on all fours took four-and-one-quarter to five-and-one-quarter times as much energy as normal 
walking. 

The importance of these findings and their applicability to work in mines with low roadways 
is discussed. 


SHERMAN S. Pinto, Denver. 
Occupational Diseases and Hazards 


Contact DERMATITIS FROM PLATINUM AND RELATED METALS: Report oF A CAse. C SHEARD 
Jr., A. M. A. Arch. Dermat. & Syph. 71 :357-360 (March) 1955. 


A case of contact dermatitis due to platinum and related metals is here reported. This 
metal has heretofore been considered incapable of causing dermatitis in the metallic form, 
though it has caused dermatitis and even asthma in the form of more complex salts. Some 
features of the cleaning and repairing of rings by jewelers are discussed, and the results of 
patch tests to platinum and related metals are recorded. 

Inpust. Dicest. 


BACTERIOLOGICAL Stupy oF Decomposinc Bopres oF CoAL MINERS WITH SILICOSIS FOR TUBER- 
cuLosis InFrection. C. Gernez-Rieux, A. Tacguet, M. Fare, and C. Vorson, Ann. inst. 
Pasteur Lille 6:167-174, 1953-1954. 


The bodies of 93 coal miners, aged between 50 and 55, were examined from 24 hours to 210 
days after death. Except for three instances, all the material was in an advanced state of 
decomposition. The study was undertaken to search for tubercle bacilli. Specimens from the 
lungs and the glands were examined by culture and by inoculation into guinea pigs. In all, 
307 specimens were examined. The miners during life had suffered from silicosis. In 19 of 
the subjects (20.4%) positive results were obtained. Bacilli were found more frequently in the 
samples from the lungs than in those from the glands. Notwithstanding the advanced state of 
decomposition, the bacilli reacted normally, even when the material had been kept in an ice- 
chamber for 318 days. The bacilli were of the human type and had kept their morphological 
characteristics and their vitality and virulence for infecting guinea pigs. Seven of the strains 
were resistant to streptomycin. 


E. L. Co tts. 


CoaL-MINERS’ PNEUMOCONIOSIS IN Four CoLLIERIES IN County DurHAM. R. I. McCattum, 
R. C. Browne, and H. Campsett, Brit. J. Indust. Med. 12 :279-289 (Oct.) 1955. 


Large (12 in. by 15 in.) chest x-rays were taken of 5118 coal miners who worked in four 
Durham collieries. This represented 89% of the workers in these mines. Thirty-two per cent 
of the men showed some evidence of coal-miners’ pneumoconiosis, while 22% were classified 
as showing roentgenological Category 2 or more. However, only 2% showed progressive mas- 
sive fibrosis. 

Roentgenological evidence of pneumoconiosis was found to increase in prevalence both with 
rising age and with length of time spent working at the mine face. Between 26 and 35 years 
of age 8% of the men showed unmistakable pneumoconiosis, while the age category 36 to 45 
showed 31% affected. After 1 to 10 years’ exposure at facework, 12% of the men showed 
unmistakable pneumoconiosis, while after 11 to 20 years’ work 42% were so classified. 

No figures for dust concentrations or dust analysis were available in this study. The authors 
also raise but leave unanswered the very important question as to why a substantial proportion 
of the men remain practically free from roentgenological abnormality after exposure to the 
mine dusts. 

A plea is made for allowing men with pneumoconiosis to continue their regular work under 
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medical supervision, provided that serious efforts are made to reduce mine air dustiness. 
SHERMAN S. Pinto, Denver. 


INDUSTRIAL ASPECTS OF BRONCHIOGENIC NeopLasMs. L. Brestow, Dis. Chest 28 :421-430 (Oct.) 
1955. 
Lung cancer now causes more than 18,000 deaths annually in the United States. Although 
much evidence incriminates cigarette smoking as a major factor in the disease, it is not the 
sole cause. Some persons with lung cancer deny ever having smoked cigarettes. 

The author feels that in the justified concern about cigarette smoking as a cause of lung 
cancer too little note has been taken of evidence that several occupations may likewise play a 
causal role. 

After citing literature reports on the connection between certain occupations and pulmonary 
cancers, the author says that interviews with 518 lung cancer patients in California hospitals 
and a like number of noncancer “control” patients confirmed the greater frequency of cigarette 
smoking among lung cancer patients. The interviews also covered life-long occupational history. 
Analysis of these data disclosed that the following occupational groups appeared with sub- 
stantially greater frequency among the lung cancer patients. The interviews also covered life- 
long occupational history. Analysis of these data disclosed that the following occupational 
groups appeared with substantially greater frequency among the lung cancer case histories, 
as compared with the controls: welders and sheet-metal workers doing welding; electric bridge- 
crane operators in the metal industry; construction and maintenance painters ; commercial cooks ; 
workers in the extraction of lead, zinc, and copper ore; steam fitters, boiler makers, asbestos 
workers; marine engineers; firemen, oilers, and wipers. Further work is under way to confirm 
or refute the hypothesis that these occupations carry an excessive risk for lung cancer. 


CyYcLINE ON PULMONARY VENTILATION IN CASES OF Siiicosts. N. GertruD BRAUN, 
and O. Kart, Klin. Wehnschr. 33 :722-724 (Aug. 1) 1955. 


The subjects of this examination were eight workers, aged between 55 and 67 years, who 
had acquired silicosis through the inhalation of porcelain dust. All had been invalided for 
months or years, and in none of them was there any sign of tuberculous infection. Their 
pulmonary efficiency was determined by means of the Pulmotest-Spirometer before, during, 
and after the inhalation of achromycin [tetracycline] in aerosol form. This inhalation took 
place on five successive days. In six of these eight workers there was a definite increase in 
pulmonary efficiency, and in four of these the increase was statistically significant. 

M. E, Detartecp Hye.] 


Unusuat Case or GREASE GuN Injury. J. H. Noster and C. J. Tuuss, Plast. & Reconstruct. 

Surg. 16 :297-302 (Oct.) 1955. 

In the past 17 years reports have appeared in the literature on the effects of pene- 
tration of human tissues by lubricating grease and diesel fuel oils under high pressures 
ranging from 1000 to 7000 lb. per square inch. It has been found that grease or fuel 
oil can penetrate the skin for distances up to 8 in. or more, that a grossly evident break 
in the skin is not necessarily produced, and that a surprising quantity of grease can 
be injected in a brief instant (a total of 64 cc. being removed from the finger, hand, wrist, 
and forearm in one reported case). In contrast to the purer long-chain hydrocarbons, 
lubricating grease and diesel fuel oil produce immediate chemical irritation in the tissues, 
with marked swelling, local heat, and redness and, following the initial numbness, rather 
severe pain in cases involving the hand or fingers. Opinions are not unanimous on the 
immediate treatment of these injuries. 

The patient, whose history is presented here, had been hit in the left eye region by 
lubrication grease from a high-pressure grease gun. The exact composition of the 
grease was not known. 

The patient related: “At first I didn’t know what happened. The impact was so 
great that it knocked me backwards about 4 ft. into a pile of 5 gal. oil cans. Then it 
hurt a little. There was a little cut in the skin and it bled a little. It didn’t hurt very 
much.” The immediate result of the injury was a slight laceration and marked swelling 
of the lids of the left eye. The patient then entered the Korean War evacuation chain. 
Various treatments were given during the course of the subsequent weeks, and about 
10 weeks had elapsed before the patient was admitted to the Eye Section of the 
Surgical Service of an Army Hospital. The lesion was excised three months after 
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the accident. A diagram shows the incisions necessary to include the entire lesion. 
Healing was prompt. 

The authors point out that previous reports on grease-gun injuries have described 
injuries involving the hand and fingers. Because of the anatomy of the hand, and 
particularly of the fingers with their dense, relatively inelastic cover, terminal arterial 
supply, etc., early gangrenous changes have been frequent and have motivated authors 
to recommend immediate adequate removal of injected lubricating grease or diesel fuel 
oil. On the basis of the course of the case involving the eyelids, it is felt that surgical 
treatment, other than drainage of grease-gun injuries, involving more readily distensible 
tissues with less precarious blood supply, might better be postponed until subsidence 
of the initial acute inflammatory process, at a time when the lesion closely resembles 
the paraffinoma. 


REPORT OF THE FRENCH CONFERENCE ON MrninG Diseases, Parts, 1954. Charbonnages de 
France, Paris, 1955. 


Following upon a successful conference dealing with the pathology of mining held 
in September, 1952, a second conference was held in October, 1954. Its proceedings 
are here reported. 

The opening paper by J. Planques and P. Gazamian dealt with head injuries 
among miners. The study concerned 130 injuries which were not fatal but caused 
fractures of the skull or at least loss of consciousness. These records were studied 
from many angles in causation, place of occurrence, exact part injured, and so forth. 
Most of the accidents were from falls of rock or coal hitting the head; then came inci- 
dents while men were traveling on the roads. No differences were found in the type 
of injury or in any sequelae from similar accidents in other walks of life. The medical 
examinations were thorough, and the medicosocial aspects of each case were investigated. 
Fifty-three of the men were able to resume their previous work. Others needed change 
of work, and rehabilitation was an important line of therapy. A center where such 
treatment can be given by specialists is required. Neurotic cases are particularly difficult 
to tackle. (In Great Britain there is a rehabilitation center on every coal field.) 

C. Grezes-Rueff introduced the value of electroencephalography in injuries to the 
skull, followed by Proyard with observations on the postcommotional syndrome and an 
interesting discussion. The importance of every form of physical examination in cases 
of head injuries is stressed at the time of occurrence and subsequently, since the normal 
must be known so that sequelae due to concussion, hemorrhages, and scars may be 
evaluated. No injuries are so likely to be followed by mental alterations, real and emo- 
tional, as head injuries, from epileptic attacks to unexpected headaches. Medical diffi- 
culties in diagnosing symptoms are rendered more difficult by compensation laws which 
differ in each country. But fears of total incapacity, on the one hand, and the attractions 
of compensation for indefinite periods, on the other, present incalculable complications. 
The environment of mining, with its tendency to serious accidents, is yet another com- 
plicating influence. 

Professor Christiaens tackled psychological studies of the environment of mining, 
introducing his colleagues, C. Amoudru, M. Penet, and others, who dealt at length with 
various aspects of the subject. The selection of mining apprentices raises psychological 
problems. Sensory motor functions and time reactions must be considered, and intelli- 
gence aptitudes noted. All are part of the medical examination at engagement. Train- 
ing is needed for miners before taking on underground work. More particular care is 
required in selecting foremen at work at the face of coal mines. Possible candidates for 
such positions can be spotted early and given suitable training. The physician must be 
acquainted with mining work on the engineering side before he can act successfully. 
Here, as elsewhere in industry, the fitting together of the man and his work makes 
for smooth running in occupations. Even after careful selection, experience at work may 
show that a man should be reclassed in his own interest and in that of safety. Safety 
is so important underground that each miner must be fitted to his special work physically 
and psychologically. Sight and hearing must be at least normal, and reactions to stimuli 
must be tested. Here each examining physician will work out his own line of testing. 
But a series of suggestions are made. Medical supervision should be periodic after 
engagement to test out the success of the first examination. Such supervision should 
be exerted on return to work after some accident or illness. This is the time to reclass 
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according to aptitude, which may have altered. Much has yet to be learned by research 
into the whole subject. Not infrequently the engineer may be required to ensure that 
tools are the best possible and the most convenient to use. 

The last subject considered was silicosis among the miners of the coal fields of the 
Nord and the Pas de Calais. A group of investigators, J. J. Jarry, E. Balgairies, G. 
Declerc, P. Foubert, and E. Quinot, undertook the task. They based their study on 
4974 observations on cases of silicosis, watched up to nine years and none less than five 
years. The coal fields of the Nord and the Pas de Calais differ in their geology and 
methods of work. In the one, the coal is poor and difficult to work; in the other, th'e 
coal is of better quality and is easier to get. Cases of silicosis were found to accord 
with these distinctions. They fell into two groups. The most numerous group, 3081 
cases of silicosis, came from the field with the poor coal, and the other group, con- 
sisting of 1343 cases, came from the other field. These two groups differed greatly. 
The larger group was composed of cases that developed comparatively rapidly in some 
12 years at work, while the cases of the other group took anything up to 25 years to 
develop. The slowly developing cases resembled the earlier stages of the rapid group, 
but there was no sign of the one group passing on to invade the other. Some inter- 
mediate cases were seen; they came from parts of the coal fields which were intermedi- 
ate in geology, with intermediate coal and intermediate dust formation. The type of 
silicosis seen depended entirely upon the dust hazard, which was greatest where much 
rock between the coal seams had to be pierced, with a greater silica content in the dust. 
The stages of silicosis, largely diagnosed on x-ray examination, were determined by the 
character of the dust, the length of service, and the place of work, whether at the coal 
face or on the roads. Nevertheless, the two groups from their start progressed quite 
separately, as though possessing a definite potential. Such differences in evolution sug- 
gest that silicosis can and should be prevented by engineering steps taken to minimize 
the dust hazard. Tuberculosis appeared as a complication superimposed on the silicotic 
lungs, about equally between the two groups, and did not in any way influence the onset 
of the dust reactions. The elimination of this infection will benefit the course of the 
disease when started, but will not determine the onset. Medical supervision is of great 
value by detecting early, at periodic examinations, the start of trouble, so that those 
affected can be drafted to less dangerous work or, if tuberculous, eliminated from the 
industry. Throughout the authors compared their findings with those of other research 
workers, especially in South Africa and in South Wales. 

An intensive contribution was made by F. Lavenne in dealing with the action of 
silicosis on the heart function, with particular reference to cor pulmonale. Pulmonary 
fibrosis interferes with the circulation through the lungs and finally throws additional 
strain upon the right side of the heart to drive the blood through the lungs. Up to a 
certain stage the muscles of the heart will react to this strain, and the condition is 
clinically compensated; but a time must come when the heart can no longer meet the 
strain, and compensation fails. The progress may be observed by x-ray shadows of the 
heart from time to time and, still more usefully, by examination by the electrocardio- 
graph. Both these assistances to diagnosis are illustrated, especially by electrocardio- 
grams. Information drawn from 358 autopsies on silicotic miners shows that the chronic 
pulmonary heart was the cause of death in 25% of the cases. This type of heart attack 
is today as frequent as cardiac arterial troubles. But when matters of pensions are under 
consideration, the chronic pulmonary heart is three times less frequent than arterial 
troubles. Many different approaches have been suggested for determining a correct 
diagnosis of cardiac arterial pathology, but no single approach can be usefully relied 
upon. 

L. Roche pointed out some of the complications which arise in medicolegal cases 
when the cardiac condition is complicated by silicosis. A definition has been attempted 
by law that pathological manifestations mean “cardiac complications: hyposystole or 
asystole due to insufficiency of the right ventricle.” 


Compensation for cardiac complica- 
tions of silicosis raises many difficult problems. Each case must be considered on its 
own, and often the exact wording of the law in each country may alter the decision in 
similar cases. 


E. L. Cottts. 
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Industrial Toxicology 


INDUSTRIAL AND EXPERIMENTAL STUDIES OF HyGENIC CHARACTERISTICS OF CoBALT CoM- 

pounpDs. Z. S. Kapiun, Gig. i san. No. 5, pp. 26-31, 1955. 

Cobalt-bearing aerosols are producible in industrial establishments which handle cobalt 
compounds. These aerosols are capable of disrupting: the functions of digestion, respira- 
tion, and circulation. One of the earliest symptoms is the loss of olfactory sense. Co- 
baltous chloride represses gastric secretion and enhances the motor activity of the 
stomach of dogs. In early stages of cobalt intoxication the erythropoiesis function rises, 
then declines. The results indicate that cobalt compounds are much more toxic than 
was supposed previously. 

Cuem. Asstr. [INpust. Dicesr]. 


GRANULOMA OF THE SKIN. E. Epstein, A. M.A. Arch. Dermat. & Syph. 71:24-35 

(Jan.) 1955. 

A case of a patient suffering from silica granuloma 12 years after an automobile acci- 
dent is presented. This case is unique, inasmuch as it is the first definitely due to glass 
and the first such instance responding to cortisone therapy. The importance of the 
solubility of glass, sand, pottery, and other silicon-containing products in the patho- 
genesis of such lesions is advanced. It is suggested that Schaumann’s bodies are a 
means of engulfing and excreting silica. 

CONDENSED FROM AutHorR’s SUMMARY [INbust. Dicest]. 


EXPERIMENTS ON THE QUESTION OF THE PRoPHYLACTIC EFFICACY OF MILK IN CHRONIC LEAD 
Porsontinc. H. Wittcens and D. Nieperstapt, Arch. Gewerbepath. u. Gewerbehyg. 13: 
544-572, 1955. 

Animal experiments were undertaken with the object of ascertaining whether there 
is justification for the widely held view that milk is a valuable prophylactic and remedial 
measure in lead poisoning. 

White rats were given iead acetate, both orally and by intraperitoneal injection, over 
a period of several months. One series received milk as their beverage, another only 
water. 

Comparison with a series of control animals established the fact that in white rats 
the chief diagnostic signs of chronic lead poisoning are loss of weight, decrease of 
hemoglobin, poor condition of the fur, and degenerative changes in the liver and kidneys. 
Decrease in erythrocytes, punctate basophilia, and an increased content of lead in the 
bones occurred in some animals but were not regarded as of diagnostic significance. 

In assessing the effect of administration of milk, the symptoms appeared to be severer 
in the milk-fed animals, and more of these died in the series receiving intraperitoneal 
injections of lead. 

There was no essential difference in the blood findings, in the pathological appear- 
ances of the internal organs, or in the liver function tests, and though the levels of 
coproporphyrinuria were not conclusively distinctive, two milk-fed animals which were 
severely affected in health and in condition of the fur and which had a high urinary 
excretion of coproporphyrin recovered completely, with an increase of hemoglobin and 
- a decrease of coproporphyrinuria when milk was replaced by water. 

On these grounds it is concluded that milk not only has no protective action but also 
possibly increases the risk of lead intoxication in white rats, and if these effects can be 
considered analogous to those in human beings, the administration of milk to lead 

Fe workers is of no benefit. 

Browninc [Butt. Hyc.] 


METABOLISM OF TRICHLOROETHYLENE IN THE ORGANISM. S. ForssMAN, A. Owe-Larsson, and 

E. Sxoc, Arch. Gewerbepath. u. Gewerbehyg. 13 :619-623, 1955. 

Following the results of investigation by earlier workers, showing that some metabolic 
products of trichloroethylene (trichloroethyl alcohol, trichloroethyl aldehyde [chloral], 
and trichloroacetic acid) are excreted in the urine, the authors have carried out experi- 
ments on dogs and rats to examine further the oxidation processes of trichloroethylene. 

After subcutaneous injection of trichloroethylene itself, trichloroethyl alcohol, and 
choral, only a small percentage was excreted as trichloroacetic acid; injection of the 
sodium salt of trichloroacetic acid was followed by excretion of one-half to one-third. 
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Another group of animals was given by stomach tube a suspension in olive oil of 25 mg. 
of Disulfiram (tetraethylthiuram disulfide), which has been shown to have an inhibiting 
effect on the oxidation of certain aldehydes and to increase their toxicity. This sub- 
stance produced a marked decrease in the excretion of trichloroacetic acid after injection 
of trichloroethylene and trichloroethyl alcohol, a smaller decrease after injection of 
chloral, and no change after the administration of sodium trichloroacetate. 

It is suggested that these results indicate that Disulfiram inhibits the oxidation of 
trichloroethyl aldehyde and that the metabolism of trichloroethylene in the body is that 
of an oxidation via trichloroethyl alcohol and trichloroethyl aldehyde to trichloroacetic 
acid. 


Browninc [Butt. Hye.] 


INDUSTRIAL LEAD PoIsONING IN RELATION To CLIMATE. D. O. Sutets, Australasian Ann. Med. 

4:178 (Aug.) 1955. 

Studies carried out in Melbourne revealed that there is a greater incidence of in- 
dustrial lead poisoning in the colder than in the hotter months. 

The author also studied the relationship between the climate as measured by the 
maximum annual temperature and the fraction of those subjects with urinary lead con- 
tent equal to or greater than 0.30 mg. per liter who had lead poisoning. When the 
number of those who had lead poisoning was expressed as a fraction of those with 
urinary lead content of 0.30 mg. per liter or over, the fraction was 1.00 for those experi- 
encing lead exposure in the hot climate and 0.622 in the temperate climate. 

In earlier studies the author had shown the importance of sweat as a means for the 
elimination of lead. One may assume that in a hot climate the daily excretion of fluid 
was of the order of 1 liter of urine and 2.5 to 3 liters of sweat per day. With 0.30 mg. 
per liter of lead in the urine and a like concentration in the sweat, the total daily excre- 
tion in fluids would be greater than 1 mg. of lead. In the temperate climate the daily 
excretion of fluid may be assumed to be of the order of 1.5 liters of urine and 0.5 liter 
of sweat. With a concentration of 0.30 mg. per liter of lead in the urine and a like con- 
centration in the sweat, the total daily excretion in body fluids would be 0.60 mg. of lead. 
In the former case the blood and organs and tissues of the body would be in contact 
with more than 1 mg. of lead per day, and in the latter with 0.60 mg. of lead. There 
would thus be a greater chance of finding cases of lead poisoning among persons ex- 
creting 0.30 mg. per liter in the urine in the hot climate than among those excreting 0.30 
mg. per liter in the temperate climate. 

On the other hand, from a constant amount of lead absorbed daily, more would be 
excreted in body fluids in the hotter months than in the colder, so that there would be 
less storage in the tissues. There would therefore be less chance of lead poisoning 
developing in the summer than in the winter if the conditions of exposure were the same. 


FataL Porsontinc BY MetHyt Bromine. A. Corcos, J. HeurRETEMATTE, and V. Corcos, Bull. et 
mém. Soc. méd. Paris, pp. 1005-1008, No. 25/26, 1955. 


An acute case of poisoning is reported in a man who had decanted 800 kg. of methyl! bro- 
mide. The victim was a healthy man employed for 10 years by a factory for disinsectization 
and deratting. Although he had previously complained of headache and fatigue after exposure 
to methyl bromide fumes, he had had no illness. He and another man, who was not affected, 
had decanted 800 kg. of methyl bromide on two days. Then he suddenly fell ill and went home, 
to be taken shortly with a convulsion. Other attacks followed, presenting the classic signs of 
methyl bromide poisoning. An account is given of the case, which resisted all treatment until 
death occurred in 48 hours. The convulsions were generalized, with, in the intervals, clonic 
contractions of the fingers and the muscles of the limbs. Throughout, the patient could not 
move his limbs or raise his head. Acute insufficiency of the liver was present. Intense pul- 
monary edema was found. 

The man seldom wore the respirator provided for the work and thought it enough to hold 
his breath while adjusting the pipes for the decanting. 


E. L. Cottts. 


NirroGeEN Oxipe Impurities IN Ozone. B. E. Sattzman, D. H. Byers, and F. L. Hystop, 
Indust. & Eng. Chem. 48:115-118 (Jan.) 1956. 


The influence of nitrogen oxide impurities upon the toxicity of ozone is a controversial 
issue related to exposures to ozone as an air sanitation agent or as a factor in community air 
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pollution. Further information about these impurities is needed. 

An ozonizer with a phenol-formaldehyde resin dielectric was studied. Nitrogen oxides 
produced were usually less than 5% of the ozone concentration; under most adverse conditions 
of air flow and voltage the value was 8.5%. The literature and the experimental work indi- 
cated that in the impurities nitric acid vapor predominated, some nitrogen pentoxide and a 
small amount of nitrogen dioxide being present. 

These data and a concurrent toxicological study indicated that nitrogen oxides are not of 
primary importance in the toxicity of the output of such an ozonizer. 

FroM THE AUTHORS’ SUMMARY. 


HEALTH HAZARDS OF VANADIUM-CONTAINING ResipuAL Oi Asn. L. C. McTurk, C. H. W. 
Hirs, and R. E. Ecxuarpt, M. Bull. (Standard Oil N. J.) 15:106-126 (July) 1955. 

Ash containing from nearly 0 to about 80% vanadium oxide accumulates in large oil-burning 
installations and must be removed periodically, giving rise to a health hazard. It is generally 
agreed that acute effects of inhalation exposure occur, characterized by marked irritation of the 
respiratory tract, sometimes attended by pneumonia. Other symptoms, such as gastrointestinal 
and central nervous system involvement, and chronic effects, involving pathological changes in 
the lungs, liver damage, and anemia, are controversial. Pathological changes of a mild chronic 
inflammatory type may occur in the upper respiratory tract. Skin lesions, possibly allergic, may 
be present. The prognosis of the disease is generally favorable. Diagnosis is difficult in view 
of the similarity of the symptoms to acute infections of the respiratory tract. Determination of 
urinary vanadium is probably the best test for recent exposure. A promising but not yet proved 
test is an abnormally low cystine content in the fingernails. The treatment is simple and gen- 
erally symptomatic. There is some evidence that BAL, calcium disodium EDTA, and ascorbic 
acid may be useful in therapy, but it is not conclusive and the evidence does not justify their 
routine use. Precautions should be taken to avoid excessive inhalation. When atmospheric con- 
centrations cannot be maintained below 1 mg. per cubic milliliter of vanadium as Vs, suitable 
air-supplied masks or respirators with approved fume and dust-type filters should be provided. 
Periodic examination of exposed workers should include general physical examination, chest 
x-ray, hemoglobin, red blood cell count, examination of peripheral blood smear for eosinophilia, 
sedimentation rate, and thymol turbidity test. 

CONDENSED FROM AuTHoRS’ SUMMARY [INpust. Hye. Dicest]. 


Medicine and Surgery 


Ca Epta AND THE EXCRETION OF PLutoniuM. H. ForeMAn, T. T. TrujiLito, O. JoHNsoN, and 
C. FiInnecAn, Proc. Soc. Exper. Biol. & Med. 89 :339-342 (July) 1955. 

A comparison of Ca EDTA and Zr citrate for the therapy of acute Pu poisoning was made, 
in which it was found that Ca EDTA brought forth greater Pu excretion than did the Zr citrate. 
The use of the latter agent resulted in lower Pu skeletal content than occurred in the Ca EDTA- 
treated animals. Combined Ca EDTA and Zr citrate treatment produced the same results as 
Zr citrate alone. Ca EDTA administered long after Pu was deposited in bone did remove Pu 
from the skeleton, but this is a slow process. A comparison of the regimen of Na EDTA 
and Ca EDTA with one using Ca EDTA alone in acute Pu exposures showed no advantages 
to either. Ca EDTA did not influence passage of Pu across the lung alveolar membrane. Ca 
EDTA did not influence the rate of mobilization of Pu from an intramuscular site. Ca EDTA 
did not influence the rate of absorption of Pu from the gastrointestinal tract. 

Nuc ear Sc. Apstr. 


Environmental Conditions 


Hazarps FROM WoRKING IN TANKS AND Pits. SaMueL Moskowitz and WILLIAM J. 
Burke, Month. Rev. New York State Dept. of Labor 34:41-43, 47-48 (Nov.-Dec.) 1955. 
This article discusses various cases where employees were overcome by asphyxiants and 

anesthetics in tanks, pits, and similar confined spaces. Rapidly fatal concentration and density 

of certain vapors (pure and mixed with air) are tabulated. 

Some of the reasons for the presence of rapidly fatal concentrations in the cases discussed 
were as follows: (1) difference in density of contaminant from density of air; (2) slow diffu- 
sion of gases, and (3) continuous contamination of air without the proper ventilation. The 
article also emphasizes the fact that gas masks will not protect a person if the percentage of 
oxygen in the air is very low. 
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Six precautions which should be observed in order to prevent acute intoxication or asphyxia 
while working in, or on entering, confined spaces, such as pits and tanks, are discussed. These 
precautions indicate that much more care is required fer work in confined spaces than would 
be required for work in open areas. 
CHARLES KuRKER JR., Boston. 


Ventilating, Air Conditioning and Engineering Control 


PERFORMANCE OF AUTOMATIC Louvers IN INDUSTRIAL VENTILATING SYSTEMS. IRVING KINGSLEY, 

Month Rev. New York State Dept. of Labor 34:37-39, 43-44 (Oct.-Nov.) 1955. 

Before an industrial exhaust system can be installed or altered in New York State, the 
engineering unit of the Division of Industrial Hygiene must examine and approve the plans 
first. Use of automatic louvers is not normally permitted in industrial exhaust systems; but 
because of the increasing number of requests for their use, tests of louvers under actual op- 
erating conditions were performed to determine if it would be feasible to recommend that 
variations from the rules should be granted. 

Data collected included velocity of material flow, pressure drop, angle of deflection of 
louvers, and effect of material deposited on louvers. These data indicated that use of auto- 
matic louvers was feasible in low-velocity systems handling air or materials which would not 
cause the louvers to corrode, become sticky, or become weighted enough to increase the pressure 
drop appreciably. 

Kurker Jr., Boston. 


Siticosts AND Dust Controt. Harry B. AsHe, Pub. Health Rep. 70:983 (Oct.) 1955. 

In 1937 a program of dust control for all dust-producing operations was put into effect by 
the Vermont granite manufacturing industry. During 1937 and 1938 the granite workers were 
encouraged to have chest x-rays. At that time about 34% of those employees with more than 
10 years’ experience were x-rayed, and 45% were found to have silicosis. These men were not 
all related to any one particular phase of operation and cannot be considered a representative 
group of all the employees. 

Data are also tabulated showing the number x-rayed and the per cent found to have silicosis 
during the period from 1952 to 1954, inclusive. These data showed a marked reduction in the 
per cent of those x-rayed who had silicosis. The author believes that these data are more rep- 
resentative of actual conditions, because they include at least 90% of all the employees on the 
payroll. There is no basis for comparing these data with those taken in 1937 and 1938; how- 
ever, the data do show the increasing response the employees have given to this health problem. 

CHARLES KurKER JR., Boston. 


Radioactive Substances and X-Ray 


Errect OF PARENTERAL INJECTION OF PARTICULATE MATTER ON RESISTANCE OF X-IRRADIATED 
Mice to INFEcTION. Wittig W. FALconer Smitu, and M. ALDERMAN, Am. J. 
Physiol. 182 :400-402 (Aug.) 1955. 

In mice given a parenteral injection of particulate matter following midlethal irradiation, the 
increase in survival was largely accounted for by a reduction in the incidence of Proteus and 
Escherichia coli infection, with no reduction in Pseudomonas infection. In mice injected with 
particulate matter following sublethal irradiation, resistance to Proteus or Pseudomonas chall- 
enge was increased 5 to 12 days afier irradiation, although granulocyte counts in tail blood were 
no higher than in parallel groups not injected with particulate matter. Both intraperitoneal 
and subcutaneous injections of particulate matter were effective against intraperitoneal, sub- 
cutaneous, or intravenous challenge. The injection of glass particles increased survival to almost 
the same extent in mice immunized prior to irradiation and subsequently challenged with a two- 
fold concentration of Proteus culture as in mice not immunized and challenged with a 1:10 
dilution of the culture. 

Nucvear Sc. ABstR. 


DETERMINATION OF THE CONCENTRATION OF ALPHA-EMITTING RADIOACTIVE AEROSOLS. JACQUES 
Lapeyrie, Commissariat 4 l’Energie Atomique Paris, June 15, 1953. 


Techniques used for the quantitative measurement of the concentrations of aerosols carrying 
short-lived (radon or thoron daughters) or long-lived (uranium) a radioactive emitters are 
described. The problem of the determination of radon concentration in air by means of activity 
determinations on air-borne dusts was investigated. Special reference is made to the measure- 
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ment of the radon active deposit on two types of dusts (iron oxide [yellow] and uranium 
oxide) in small chambers (6 liters). Data resulting from determinations of radon and thoron 
concentrations in atmospheric air in the south Paris area with use of this method are given. 
(Thesis submitted to the University of Paris.) 

NucLear Sc. ABsTR. 


Is tHE Concert or “CriticAL OrGAN” VALID IN DETERMINING THE MAXIMUM PERMISSIBLE 
LeveL FOR Exposure TO MATERIALS? J. N. STANNARD, Contract W-7401-eng- 
49, University of Rochester Atomic Energy Project, June 8, 1955. 


This paper reviews, in part, the rationale of the critical organ concept in calculations of 
maximum permissible exposures to radioactive materials. It is shown that in many instances 
there is little evidence to indicate the existence of a critical organ. Furthermore, the choice is 
frequently quite arbitrary and without real evidence of damage to the organ in a chronic ex- 
posure situation or evidence that the organ is critical in producing damage to the body as’a 
whole. Very frequently, the only information available is the concentration of radioactive 
material in the various body organs, and the organ with the highest concentration is perforce 
chosen as the critical organ. On the other hand, a review of the quantitative differences seen 
in maximum permissible operating levels when various possible critical organs are chosen, or 
even entirely independent approaches used, reveals that most values will lie within an order of 
magnitude range. While some of these differences may be important, a range of 10 is considered 
small in a field involving as many assumptions as that concerning the long-term eflects of radio- 
isotopes. A review of pertinent parameters is urged, however, in cases where large issues, such 
as cost, plant operating practices, etc., are involved. 

Nuc ear Sc. ABsTR. 
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Books 


Clinical Toxicology. By Clinton H. Thienes, M.D., Ph.D., and Thomas J. Haley, Ph.D. 
Third edition. Price, $6.50. Pp. 457. Lea & Febiger, 600 Washington Sq., Philadelphia 
6, 1955. 

As the title indicates, this volume deals chiefly with the symptoms, diagnosis, and 
treatment of intoxication. The first portion consists of six sections, each devoted to a 
class of poisons. Of the commoner industrial hazards, carbon tetrachloride, mercury, 
fluorine, beryllium, and silica are classed as protoplasmic poisons; carbon disulfide, as a 
nervous system depressant; lead, as a nerve poison; benzene, as a muscle poison, and 
carbon monoxide, as a poison of the blood. About two-thirds of the substances mentioned 
would rarely be encountered in industry. 

The final portion of the book contains a discussion of principles of treatment, an out- 
line of symptom diagnosis, and a section on the chemical diagnosis of poisoning. This 
last section is devoted primarily to classical methods of toxicological analysis. 

There is a complete index but no bibliography. The only specific references given are 
to chemical procedures, and these are included in the text. 

H. B. ELkins 


Klinik und Therapie der Vergiftungen. By Priv.-Doz. Dr. Sven Moeschlin. Price, 
$14.05. Pp. 521, with 64 illustrations. Georg Thieme, Herdweg 63, (14a) Stuttgart, 
Germany, 1956. 

This is the second edition of an important textbook of toxicology. About three- 
quarters of the book is concerned with industrial toxicology, making it a valuable refer- 
ence book for the industrial physician. The discussions of the pathological physiology, 
clinical features, and therapy of occupational poisonings are excellent. Dr. Moeschlin has 
reviewed the European and American literature carefully and includes an up-to-date 
bibliography at the end of each chapter. The illustrations are good, and the book is well 
printed. Physicians concerned with occupational disease will find this book a most 
helpful addition to their working library. 

ALBERT Q. SEELER, M.D. 


Untersuchungsmethoden zur Analyse von Mineral-Feinstaub sowie mineralogische Bei- 
traege zur Abklaerung der Pathogenese der Staublungenenerkrankungen. By Walter 
Willy. Schweizerische mineralogische und petrographische Mitteilungen 34:410-497, 
1954. 

The paper is comprised of essentially equal portions of the two subjects stated in the 
title. Concerning analytical procedures, the author discusses methods of obtaining the 
dust from the occupational environment and recovering it from the lung tissue, methods 
of size determination, and qualitative and quantitative analysis by the several classifi- 
cations of methods. Concerning the clarification of the pathogenic action of minerals, 
the discussion includes research on mineral properties pertinent to pulmonary response 
and the relation of mineralogical properties—chemical, mechanical, piezoelectrical, crystal 
structure—to reaction on the tissue. Of the more than two hundred well-selected refer- 
ences, the majority are from the world’s literature of the last ten years 

Particle size determination methods are discussed rather briefly, with their advantages 
and limitations. Size ranges of dust recovered from lung tissue are cited from current 
literature, giving the impression that the range from 0.lg to 3.0u is most significant. 

Difficulties are described in obtaining mineral particles without altering their mineral- 
ogical, chemical, or physical condition. Reference is made to methods utilizing ignition, 
acid and alkali treatments, ferments such as pepsin and trypsin, hydrogen peroxide, and 
formamide or urea followed by carbon tetrachloride. 

Optical methods are recommended for determination of free silica in fine dusts. Use 
of polarizing microscope for determining percentage of quartz in a mixed dust immersed 
in an oil of know refractive index is described. Of the chemical methods, that employing 
phosphoric acid as developed by Steger and modified by Talvitie is recommended. Ap- 
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plication of x-ray diffraction and electron microscopic methods to both qualitative and 
quantitative analysis is described, as is differential thermal analysis. 

The second portion of the paper is devoted to research related to the pathogenic 
action of minerals. Reference is made to explanation of lung damage on a chemical- 
physical basis and in part on the absorption of the mineral by proteins as influenced by 
its structure. Statistical investigations, animal experiments, and laboratory work on 
properties and reactions of minerals and of tissues are discussed as research procedures. 

Methods of determining solubility of fine dusts are described. Seven pages of ex- 
cellent tables present the findings of a dozen investigators on the solubility of quartz in 
distilled water, in physiological solutions, and in body fluids and that of amorphous silica 
and several silicates in these fluids. The author concludes that absorption of the mineral 
by protein seems to be of great significance to the stimulation of tissue reaction. An 
irreversible local disturbance of the protein equilibrium can be caused by a specific con- 
centration of the substance capable of absorption—this being dependent on the structure 
and chemism of the substance. 


Warren A, Cook 
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Occupational Health Program, 1014 Broadway, Cincinnati 2, Ohio 


August 


South Dakota Inaugurates Rural Health 


Conference 


The first South Dakota Rural Health 
jointly sponsored by the 
South Dakota State Medical Association 
and the South Dakota State Department 
of Health, was held at the Marvin Hugh- 
itt Hotel in Huron, South Dakota, on 
March 29, 1956. The purpose of the Con- 
ference was to bring together represent- 
atives of the medical professions, public 
health agencies, agricultural agencies, 
and farm organizations to discuss in- 
terests and facilities which are available 
in promoting better rural health in South 
Dakota. Although the icy road conditions 
reduced the attendance, about 40 persons 
were registered for the Conference. 

The program presented and the high- 
lights of the papers were: 

1. Purpose of the Rural Health Con- 

ference. E. F. Kalda, M.D., Platte, 
S. D., member of the Committee 
on Rural Health of the South 
Dakota State Medical Association. 

Dr. Kalda discussed some of the more 
outstanding of South Dakota’s rural 
health problems such as undulant fever, 
accidents, present rural sanitation facil- 
ities. 

Dr. Kalda also reiterated the interest 
of the South Dakota physicians in rural 
health in general and their interests in 
promoting the preventive phases of rural 
health. 

2. Rural Occupational Health Program 
of the South Dakota State Depart- 
ment of Health. Donald G. De 
Valois, D. V. M., Public Health Vet- 


Conference, 


1956 
erinarian, South Dakota State De- 
partment of Health. 

Dr. De Valois told how the South 


Dakota State Department of Health is 
interested in identifying as many existing 
potential rural occupational health prob- 
lems as possible, and in determining 
the extent and seriousness of each of 
these problems. The plan for conducting 
this program was discussed briefly, as 
were some of the major categories of pro- 
gram interest. These categories include 
specific infections transmissible from an- 
imals to man, allergies, rural occupational 
skin diseases, acute and subacute poison- 
ing by products used in agricultural op- 
erations, and farm accidents. 

3. Occupational Health Programs of 
Official Health Agencies. Donald J. 
sirmingham, M.D., Occupational 
Health Field Headquarters, Public 
Health Service, Cincinnati. 

Dr. Birmingham gave a paper dealing 
with occupational health activities in official 
health agencies, especially in the federal 
government. He told of the background 
and early history of industrial hygiene 
and occupational health from its inception 
at about the turn of the century down 
to the present time. He said that in the 
past few decades work in occupational 
health has been very close to the agri- 
cultural picture. Cited were such  in- 
stances as a recent one in which a state 
health department investigated the basic 
causes of aircraft accidents which 
curred in crop-dusting operations. 


oc- 
Dr. 
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Birmingham also discussed the consul- 
tation and research activities of the 
Occupational Health Field Headquarters 
in Cincinnati. He described some aspects 
of occupational health as presently con- 
ducted by State agencies and the interest 
in rural occupational health shown by 
several state departments of health in- 


titioner sees them as a serious problem 
and in his eyes they add up to a great 
deal of suffering and lost working time to 
the farmers. 

Dr. Peeke described the general prac- 
titioner in the rural areas as the back- 
bone of health facilities in his community 
and said that the activities of the rural 


cluding California and South Dakota. physician in preventive medicine are among 
Dr. Birmingham emphasized the point his most important and _ productive 
that cooperation and mutual aid between’ efforts. The rural physician, he said, must 
public health and agricultural agencies support and promote elementary public 
could achieve a great deal in the pro- health principles in his community to 
motion of rural occupational health. broaden public understanding of those 
4. Rural Occupational Accidents, and principles. 
the Role of the General Practitioner Other speakers included Charles 
in Rural Health. G. J. Bloemendoal, Bruett, Secretary of Agriculture of South 
M.D., Ipswich, S. D., member of Dakota, who reviewed the activities of 
the Committee on Rural Health, and his department in rural health, and Louis 
A. P. Peeke, M. D., Volga, S. D., Lubinus and William Peterson, of the 
President-Elect of the South Dakota South Dakota Extension Service, South 
State Medical Association. Dakota State College, who described 
Dr. Bloemendoal presented a number some of the problems of farm accidents 
of case histories of patients involved in and their prevention. 
tractor power takeoff accidents, em- John Foster, Executive Secretary of 
phasizing that accidents of this sort are the South Dakota State Medical Associ- 
not widely publicized but the rural prac- ation, was conference chairman. 


O-H-N Notes 

The first Inter-American Conference on Occupational Medicine and 
Toxicology, a joint project of the University of Miami School of Medi- 
cine and the University of Havana School of Medicine, will take place 
September 3 to September 7 in Miami, Florida. Language of the con- 
ference will be Spanish. 

Speakers from Venezuela, Mexico, Peru, Colombia, Chile, Puerto 
Rico, Cuba, and the United States will take part in the program, covering 
such subjects as “Establishment of a Medical Department in Industry,” 
“Work and Fatigue,” “Control of Malaria in Endemic Areas,” “Occu- 
pational Heart Disease,” “Neurological Problems in Occupational Medi- 
cine and Toxicology,” and related material. 

A committee from the two universities is in charge of the conference. 
General Chairman is Dr. Homer F. Marsh, Dean of the University of 
Miami School of Medicine. Co-chairmen for the University of Miami 
include Dr. Ralph Jones Jr., Dr. Willard Machle, and Dr. William B. 
Deichman. The University of Havana committeemen are Dr. Angel Perez 
André, Dr. Rafael Penalver, Dr. Vincente Pardo Castello, and Dr. Fran- 
cisco Lancis y Sanchez. 


Plans are being made to repeat the conference next year with the 
University of Havana serving as host. 


202 


ok 
‘ 


OCCUPATIONAL HEALTH NEWS 


Course 


A two-month course for physicians in 
medical practice in industry, or serving as 
part-time industrial consultants, is being 
offered from September 10 to November 2 
by the New York University Post Graduate 
Medical School. 

Classroom instruction will be augmented 
by field trips to industrial plants and to 
governmental agencies concerned with occu- 
pational health. Visits will also be made to 
union health centers. Students will have 
opportunity to attend medical, surgical, and 
clinical-pathological conferences at the New 
York University-Bellevue Medical Center. 

The course is divided into four major 
segments : 

1. Preventive Medicine. This phase will 
deal with opportunities for applying prin- 
ciples of preventive medicine in industry. 
Special attention will be devoted to demon- 
strating techniques in disease prevention 
and control, health maintenance, and case 
finding. 

2. Administrative Medicine. Material 
presented in this section of the course is 
designed to make the industrial physician 
familiar with the complex inter-relationships 
that exist in industry, relationships unique 
to industrial medicine. Subject matter 
covers the history and philosophy of indus- 
trial medicine, relations with the plant and 


Delegates to the Industrial Health Con- 
ference in Philadelphia saw the product of 
nearly three years of effort by the Univer- 
sity of Michigan Institute of Industrial 
Health and the Occupational Health Pro- 
gram, Public Health Service, Department 
of Health, Education, and Welfare, when 


New York University Offers Post 
Graduate Occupational Health 


Encyclopedia Of Instrumentation Shown At 
Industrial Health Conference 


the community, as well as problems of 
medical department personnel administra- 
tion, law, insurance, and compensation. 

3. Occupational Diseases. Studies in this 
field will present specific occupational ill- 
nesses that may be encountered in industry, 
metal poisonings, pneumoconioses, derma- 
toses, solvent intoxication, fumes and gases, 
toxicology of industrial and agricultural 
poisons, biological effects of physical haz- 
ards, accidents and occupational injuries, 
and the medical aspects of workmen’s com- 
pensation. 

4. Industrial Hygiene. This part of the 
program has been arranged to instruct the 
physician in the techniques used in evalu- 
ating and controlling the industrial environ- 
ment. The instruction is designed to provide 
a basis for effective cooperation between the 
industrial physician and the industrial hy- 
gienist. 

The physician will become familiar with 
engineering techniques, methods of sampling 
and of analyzing samples, threshold limits, 
and means of controlling hazards. 

Application for participating in the course 
must be received by September 1 at the 
Office of the Dean, Post Graduate School 
of Medicine, New York 16, New York. 
Tuition, which is $350, must accompany the 
application. 


first copies of the Michigan-published “En- 
cyclopedia of Instrumentation for Industrial 
Hygiene” were delivered to the University 
of Michigan’s scientific exhibit booth. 

The hand-bound copies of the encyclo- 
pedia, first ones off the presses at Lansing, 
were flown to Philadelphia to be exhibited. 
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Shown above, with one of those first 
copies are several of the men responsible 
for the encyclopedia. Left to right, they 
are Dohrman H. Byers, Assistant Chief, 
Toxicologic Services, Occupational Health 
Field Headquarters, Cincinnati, Ohio; Dr. 
William G. Fredrick, Director, Bureau of 
Industrial Hygiene, Detroit Department of 
Industrial Health; Andrew D. Hosey, Chief, 
Engineering Services, Occupational Health 
Field Headquarters, Cincinnati; Otto Tod 
Mallery Jr., M.D., Director, Institute of 
Industrial Health, University of Michigan, 


PHOTOGRAPHS FROM 


PHILADELPHIA 


Fig. 1.— Registration 
for the A.C.G.I.H. meet- 
ing which opened April 
22, initiating the week- 
long Industrial Health 
Conference. A.C.G.I.H. 
reported 348 members, a 
new high. 
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Ann Arbor, Mich., and Charles D. Yaffe, 
Chief, Program Services, Occupational 
Health Field Headquarters, Cincinnati. Mr. 
Yaffe was chairman of the editorial board 
and with Mr. Hosey and Mr. Byers did the 
technical editing of the encyclopedia. 

The encyclopedia, the cost of which was 
underwritten by the University of Mich- 
igan Institute of Industrial Health, con- 
tains more than 2000 illustrations and 
describes commercial and “homemade’’ in- 
struments ranging from a few dollars to 
more than $20,000 in price. 
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Fig. 3.—William G. 
Fredrick, of Detroit, 
right, A.C.G.I.H. Pro- 
gram Chairman, and 
Henry N. Doyle, left, 
Chief, Occupational 
Health Program, presided 
at a joint technical ses- 
sion. Dohrman Byers, Oc- 
cupational Health Field 
Headquarters, Cincinnati, 
center, is discussing some 
of the questions of occu- 


pational health chemistry. \ 


Chairman-Elect 


Dr. Thomas F. Mancuso, since 1945, 
Chief of the Division of Industrial Hygiene, 
Ohio Department of Health, has been picked 
as Chairman-elect of the American Confer- 
ence of Governmental Industrial Hygienists. 
He will succeed Dr. William G. Fredrick 
when the A.C.G.I.H. meets next April in 
St. Louis. 


Dr. Thomas F. Mancuso Chosen A. C. G. I. H. 


Fig. 2—Nursing round- 
table, shown above, was 
one of four special sub- 
ject discussions held by 
the A.C.G.I.H. At center 
are (right) Mrs. Mabelle 


Markee, Occupational! 
Health Program Nurse 
Consultant, and (left) 
Mrs. Frances Hickey, 
Industrial Nursing Con- 
sultant, Pennsylvania De- 
partment of Health, 
Co-chairmen. 


The new Chairman-elect is a native of 
Brooklyn, N. Y., and studied at Columbia 
University in New York, and at Creighton 
University School of Medicine, where he 
received his M.D. degree in 1937. After 
surgical and medical internships at Kings 
County Hospital, New York, Dr. Mancuso 
served residencies in pathology and obstet- 
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rics and gynecology at the same institution. 

In 1942 and 1943 he was industrial hy- 
giene physician with the U. S. Public Health 
Service assigned to the Division of Indus- 
trial Hygiene, Michigan State Department 
of Health, Lansing, and later was Director 
of the Division of Industrial Hygiene, Ore- 
gon State Board of Health. 

Dr. Mancuso received a Master of Public 
Health degree from the University of Pitts- 
burgh in 1953. 

Between July of 1948 and July of 1952, 
Dr. Mancuso was awarded four cancer con- 
trol grants for epidemiologic studies of 
environmental cancer. 


ADVANCES IN INDUSTRIAL 
TOXICOLOGY FOR THE YEAR 


1955 


In the brief space allotted to review re- 
cent developments in the field of industrial 
toxicology, those subjects have been selected 
that appear to be of interest, either because 
of the unique character of their response 
or their indications of importance to indus- 
trial health. In the vast field from which to 
choose it is obvious that other selections 
might equally well have been made. 


New Hazardous Compounds 


Acrylamide (CH2-CH-CONHg), a chem- 
ical intermediate of great potential useful- 
ness for the formation of polymers and 
copolymers, plasticizers, dispersants and for 
other purposes, has the unusual property 
of being insidiously neurotoxic at relatively 
low-levels of intake, while at the same time 


From a talk given before a joint A. C. G. T. H— 
A. T. H. A. session in Philadelphia, April, 1956. 
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showing unremarkable toxicity from acute 
doses (oral LDso, 170 mg/kg. Acrylamide 
is toxicologically remarkable in other ways. 

1. It shows practically no species varia- 
tion; effective doses for the cat, dog, and 
rat were essentially the same. 

2. Its physiologic effects are produced 
equally readily by any route, oral, skin, or 
eye. 

3. A definite quantity of acrylamide will 
produce the characteristic central nervous 
system syndrome of disturbed gait, postural 
tremors, visual and auditory hallucinations, 
and muscular atrophy irrespective of the 
dosage schedule used. 

4. There is an anamnestic response, in 
that following cure smaller amounts of 
acrylamide recall the syndrome. Fortunately 
the effects are reversible, although in severe 
cases recovery may require years (in man). 
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No threshold limit defining the level for 
safe exposure has yet been set. 

Acrylamide represents an_ interesting 
demonstration of our current inability to 
predict the grave physiologic consequences 
from chemical structure; the closely related 
amide, propionamide (CH3;CH2CON Hg), is 
used as an animal feed supplement. Here, 
again, is another striking case of the addi- 
tion of a second double bond in the molecule 
to form a conjugated system with confer- 
ence of remarkable toxicity. Another well- 
known example is the 44-fold greater 
toxicity of crotonaldehyde compared with its 
saturated analogue butyraldehyde (Skog, 
Acta pharmacol. et toxicol. 6:299, 1950). 
Less well known, but equally striking is the 
highly lacrimatory power of conjugated un- 
saturated nitrocompounds such as |-nitro- 
isobutylene compared with the unsaturated 
but not conjugated isomer, I-nitroisobutyl-2- 
ene which has no marked lacrimatory 
powers. The potent irritating capacities of 
the diisocyanates discussed below are other 
examples of the effects of conjugated un- 
saturated compounds. Examples could be 
multiplied almost endlessly. 

As a new group of monomeric substances 
used in foam rubber, lacquers, and for other 
purposes, the aromatic diisocyanates, espe- 
cially 2,4-diisocyanotoluene (TDI), 1,5- 
diisocyanonaphthalene, 1,4-diisocyano- 
benzene, present interesting toxicologic 
properties. Although extremely inert in 
polymeric forms, and possessing a very low 
oral toxicity, 1-8 gm/kg.,? these aromatic 
isocyanates, particularly the naphthalene 
derivative, are exceedingly irritating to the 
upper respiratory tract, producing histologic 
changes in animals at 0.09 ppm and death 
at 1 ppm upon repeated inhalation expo- 
sures. Man also responds at exceedingly 
low concentrations with evidences of allergic 
sensitivity such as asthma at air levels well 
below 1 ppm. Peculiarly sensitive individ- 
uals may show responses below 0.1 ppm, 
which is below the odor threshold of toluene 
diisocyanate for many individuals. 


A level of 0.5 ppm of TDI produces 


throat irritation. The tentative threshold 
limit has been set for TDI at 0.1 ppm. In 
our present state of knowledge it is believed 
that the upper respiratory tract is first in- 
volved following inhalation of low concen- 
tration of the isocyanates, pulmonary edema 
occurring only at far higher TDI concentra- 
tions. All evidence to date indicates no 
other type of systemic involvement from 
the isocyanates if the respiratory tract itself 
is free of involvement. Moisture greatly 
reduces the toxicity of 1,4-diisocyanoben- 
zene presumably by hydrolysis and destruc- 
tion of the unsaturated conjugated system. 

Three boron hydrides, diborane, penta- 
borane, and decaborane, have received con- 
siderable toxicologic and pharmacologic 
Used as high-energy fuels these 
boranes are highly hazardous by all practical 
routes of entry into the body. 


study.* 


Diborane (BoH¢), a gas at room tempera- 
ture (b.p. 92.5 C), differs from the others 
in toxicologic action in possessing no neuro- 
toxic properties presumably because of its 
ease of hydrolysis; it is, however, acutely, 
subacutely, and chronically injurious to the 
lungs, producing congestion, edema, and 
hemorrhage in higher doses and in the 
kidneys it leads to the production of tubular 
casts. The threshold limit of exposure has 
been tentatively set at 0.1 ppm; this is con- 
siderably below its odor threshold of from 
2 to 4 ppm. 

Pentaborane (B;Hg) is the most hazard- 
ous of the three boranes. This liquid (b.p. 
58 C), whose vapor in a 2-hour exposure at 
14 ppm results in immediate death of mice at 
lower concentrations, produces symptoms of 
weakness and tremors indicative of central 
nervous system involvement but without the 
lung involvement seen with diborane. Cu- 
mulative effects are seen with low repeated 
doses. Skin absorption is a possible con- 
tribution to the over-all toxicity. On the 
basis of hazard from the vapor and its 
severely toxic effects, a tentative threshold 
limit has been set for this compound of 
0.01 ppm. No medical preventive or effec- 


* References 3-6. 
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tive therapeutic agent for this compound 
has yet been developed; complete protection 
is afforded by airline gas-masks or a mask 
cartridge layered with soda lime, silica gel, 
and activated carbon.’ 

Decaborane (BioHi4) presents a toxicity 
picture similar to, but slightly less than 
that of pentaborane but as it is a solid, it 
presents less of a hazard than pentaborane; 
accordingly its tentative threshold limit has 
been set at 0.05 ppm. The cardiovascular 
actions of decaborane in animals have been 
reported.* 

It is recognized that the boranes are but 
additional examples of nonmetal hydrides 
such as phosphine, arsine, stibine, hydrogen 
sulfide, etc., which are characterized by their 
exquisite toxicity. 

Although ozone is by no means a new 
compound, two factors have been shown 
to have remarkable effects on modifying its 
toxicity, exercise and pre-exposure. Exer- 
cise during exposure to ozone has been 
shown by the research work at Occupational 
Health Field Headquarters, U.S.P.H.S., to 
enhance markedly the toxic effects of 
ozone; simultaneous, intermittent exercise 
during a 6-hour exposure to otherwise non- 
injurious concentrations of ozone (around 
1 ppm by vol.) proved lethal to rats and 
mice. On the other hand, pre-exposure to 
the same non-injurious levels of ozone, 
without exercise, resulted in a rapid devel- 
opment of tolerance to multilethal doses of 
ozone that persisted for at least 4 weeks. 
The tolerance which developed within 24 
hours protected the lungs from the pul- 
monary edema and hemorrhage common to 
lethal exposure but did not abolish the 
characteristic spasmodic breathing or the 
narcosis. 


New Industrial Cancerigens 

There is a tendency to belittle the carcino- 
genic potentiality of many substances on the 
basis that carcinogenicity in animals is no 
proof for carcinogenicity in man. It would 
seem a more reasonable view to regard all 
such compounds at least potentially carcino- 
genic in man. 
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Sufficient work on beryllium now seems 
to have been done in one laboratory (Sara- 
nac), at least, by Vorwald, Schepers, and 
Scheel® to establish beryllium as a carci- 
nogen in the rat. Inhalation of beryllium 
sulfate for several months (six) produced 
eventually what was interpreted as an 
adenocarcinoma of the lung. The cancer has 
been successfully transplanted subcutane- 
ously in rats, whence it metastasized to the 
lung and the lymph nodes of the medi- 
astinum. Inhalation of beryllium phosphor 
(13% Be) produced in 3 to 6 months 
lesions in the lungs which appeared to be 
squamous-cell carcinoma. The beryllium 
cancer has not been produced by other 
workers although it is not rat-strain de- 
pendent in the hands of the Saranac work- 
ers. Alkaline phosphatase inhibition appears 
to be the first step in the physiologic process 
leading to tissue changes. It is believed that 
the Be(OH)+, a form through which all 
beryllium compounds pass in the fluids of 
the body, initiates the reaction. The lack of 
success of other workers elsewhere to re- 
produce beryllium cancer is still disturbing, 
however. 

Doll?® has found that the incidence of 
lung cancer among 105 English asbestos 
workers employed more than 20 years was 
tenfold that in the normal population. 
Cartier '' studying over a 9-year period 
4000 asbestos miners in Canada, involving 
128 cases of asbestosis, 40 of them with 
autopsies, found 6 of these had broncho- 
genic carcinoma. Seven cases of lung cancer 
were found among asbestos miners with no 
asbestosis. 

With such relatively small numbers of 
cases one must be extremely cautious in 
drawing the conclusion of a causal relation- 
ship between exposure and the disease. 
Snegireff and Lombard ™ several years ago 
pointed out in a study of lung cancer in 
arsenic plants involving similarly small 
numbers of cases that cancer deaths in any 
decade could have by chance been either 
far less than in the population as a whole 
or several times more than found in the 
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plant. The question to resolve then in the 
asbestos exposures is whether a_ tenfold 
greater incidence of lung cancer is large 
enough to be significant when dealing with 
small samples of this sort. Before a final 
decision is reached it would seem well to 
wait until a more impressive number of 
cases have been documented. Moreover it 
seems to this author that the question of 
the nature of the asbestos in different locali- 
ties and the associated minerals such as 
chromium and nickel, both recognized can- 
cerigens, seem to have been too little con- 
sidered. Asbestos is a fibrous form of 
several different species of minerals, a point 
commonly disregarded. 


Hydrocarbon Products of Incomplete 
Combustion 

Carcinogenic hydrocarbons have now 
been shown to be present among the ex- 
haust products of diesel and gasoline en- 
gines,'® and in the air of English ™ and 
American cities.¢ These products have 
been shown furthermore to produce skin 
tumors in mice. Although these findings 
were made in connection with community 
air pollution studies, diesel and gasoline 
engines are used in many industrial opera- 
tions. Efficient and innocuous operation of 
a diesel engine from an atmospheric pollu- 
tion view has been pointed out as possible, 
moreover, 4vithout costly engine redesign." 
The fact that human lung cancer has not 
yet been proved to-arise from the inhalation 
of these hydrocarbon products should not 
act as a deterrent to an active program to 
reduce the air contamination of working 
areas from this source. Recent figures on 
lung and bronchial cancer from smokers and 
nonsmokers in urban (Liverpool) and rural 
areas © show definitely an urban “factor.” 
The benzpyrene content of the air of urban 
areas was 8 to 11 times greater than in the 
rural areas, a ratio which corresponds with 
the estimated mortality ratio among non- 
smokers in those areas. Although the causal 

+ Chambers, 


author. 


Personal communication to the 


relation seems tenable, it should not be 
considered proved, as a considerable part of 
the evidence rests on the statements of the 
widows of the deceased as to their smoking 
habits. 


Bladder and Skin Cancer 


4-Amino diphenyl has now been repeat- 
edly found to produce carcinoma of the 
urinary bladder of dogs fed this substance,t 
the last of these confirming reports being 
that of Deichmann in 1956. The cancer was 
predominantly squamous in type and was 
produced from total doses ranging from 
30 gm. (English workers) to 113 gm., 3 to 
10 gm/kg. 
British 4-amino 
diphenyl as a more effective bladder car- 
cinogen than either benzidine or 2-acetyl 
aminofluorene, and at least as potent as beta 
naphthylamine. 


(American workers). The 


investigators consider 


A resurvey of the British chemical dye 
industry '” produced statistical evidence that 
bladder tumors are associated with the man- 
ufacture of the dyes auramine or magenta 
(aminodiphenyl and aminotriphenylmethane 
dyes) but do not necessarily arise from 
contact with the finished dyes themselves. 
Aniline, however, has been definitely ex- 
cluded as a causative agent in bladder 
tumors, at least in the British chemical 
industry over the years 1910-1952. 
Straight-run distillates 7° and higher boil- 
ing point fractions of catalytically cracked 
petroleum 7! may contain numerous carcino- 
genic hydrocarbons. A relationship between 
exposure to these substances and high inci- 
dence of occupational skin diseases other 
than cancer has been reported ** and tests 
in animals with cutting oils have implicated 
them as possible carcinogenic agents. Mere 
recently cutting oils with a sulfonated min- 
eral-oil base have been connected definitely 
with squamous-cell carcinoma of the skin 
among Canadian metal cutters.2* Six cases 
of skin cancer and one case of papilloma 
have been reported among workers with an 
average exposure period of about 20 years. 


t References 16-18. 
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Although most of the lesions appeared on 
the forearms, one case involved the scrotum 
of a worker on whom oil splashed contin- 
ually in the region of his lower abdomen, 
giving a clear definition to the relation be- 
tween exposure and response from this type 
of oil. On the other hand, no skin cancer 
or precancerous manifestations have ap- 
peared to date among a group of 180 shale- 
oil workers in this country studied over a 
period of the past 6 years.§ The group will 
remain under continued observation, how- 
ever. 


Toxic Thermal Decomposition Products 


The toxicity of the degradation products 
of a large number and variety of plastics, 
synthetic hydraulic and lubricating fluids, 
and fire extinguishants has been determined 
chiefly by Treon and associates.24 The im- 
portance of the studies is the finding that 
the over-all toxicity of the thermally de- 
graded products from each substance was 
greater by a large factor than the substances 
from which they originated. The substances 
studied thus far include Teflon, Kel-F, 
Fluorolube FS (all fluoro or fluorochloro- 
organic polymers), silicones, Gafite (a 
chlorinated methacrylate), a paraffinic hy- 
drocarbon lubricating oil, Skydrol, Pydraul 
F-9, Arochlor 1242, tricresyl phosphate, 
adipate and sebacate esters, and Freon 
F13B1. In a few instances the toxic factors 
have been partly identified. As might be 
expected, the amount, nature, and toxicity 
of the products were dependent upon the 
temperature of decomposition; in general, 
greater toxicity was experienced with in- 
creasing decomposition temperatures until 
a maximum was reached at a temperature 
characteristic of the substance. Tempera- 
tures above 500 F generally produced the 
more important amounts of toxic products 
from most polymers. The hazards of the 
decomposition products of the synthetic 
lubricants and hydraulic fluids are no 
greater than those from the common lubri- 
cating oils; a man would not stay volun- 


§ Birmingham, D. J.: Unpublished reports. 
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tarily in the presence of significant 
concentrations of these products. Another 
interesting finding was a marked decrease 
in toxicity of the thermal decomposition 
products of Freon FI3Bl in the presence of 
moisture. The mechanism by which this is 
brought about is being studied. 


Trichloroethylene Exposure Problem 


There is probably no industrial solvent on 
which there is currently more discussion on 
the proper level for worker exposure than 
trichloroethylene. Some indication of the 
lack of agreement may be seen in the widely 
different threshold limit values in use in 
America (200 ppm); England, ICI (400 
ppm); Russia (9 ppm); Italy, Parmegiani 
(100 ppm). Ahlmark and Friberg in Swe- 
den, on the basis of trichloroacetic acid 
excretion values, would prefer an average 
daily exposure to trichloroethylene of no 
more than 30 ppm.** Several possible 
reasons for these widely dissimilar values 
come to mind. 

1. Trichloroethylene may contain appre- 
ciable and differing quantities of highly 
toxic impurities. 


2. Differing methods used for sampling 
and analysis for trichloroethylene. 

3. Differing means of appraising effects 
of exposure to trichloroethylene. 


4. National idiosyncracies of dietary 
habits, metabolism, differing gewetic origin 
and worker age groups. 

The problem has importance that tran- 
scends that of the proper level for trichloro- 
ethylene; it involves also the more general 
question whether safe levels set for one 
country are appropriate for another in all 
instances. To date it is not possible to 
decide this definitely because, with the ex- 
ception of Russia, most threshold limit 
values in use in foreign countries have been 
taken from values used in the United States. 
Only recently has a beginning been made in 
developing values in other countries. Be- 
cause of the general importance of the 
question, efforts were made to elicit possible 
causes of the difference from a number of 
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foreign investigators familiar with trichlo- 
roethylene exposures. 

The the foreign in- 
vestigators, Ahlmark (Sweden), Truhaut 
(France), Grandjean (Switzerland), and 
Soucek (Czechoslovakia), in answer to the 
above four questions, was that neither im- 
purities in the trichloroethylene nor faults in 
sampling and analysis of the air are believed 
to account for the differences. They be- 
that their thorough 
medical evaluation, especially neurologic ex- 


consensus of 


lieve rather more 
amination, tends to account for their ap- 
praisal of trichloroethylene as a_ severer 
hazard to health than considered elsewhere. 
Answers to the more difficult fourth ques- 
tion of the role of national idiosyncracies 
either were not forthcoming or were ad- 
mitted not to been studied. The 
question may have an important bearing on 


have 


the problem, however. Evidences of geog- 
raphy or national differences affecting me- 
tabolism of an industrial agent have been 
obtained from a comparison of vanadium 
ore workers in Peru and 
Measurable changes in fingernail cystine 


in America.® 


occurred in Peruvian workers at urinary 
levels above 10yV/I., whereas levels greater 
than 30yV/l. were required before changes 
of similar magnitude were found among 
U.S. vanadium workers. In defense of the 
U.S. position of 200 ppm threshold limit 
for trichloroethylene may be cited the un- 
believably low air values obtained by the 
European workers in the area of trichloro- 
ethylene degreasers (Grandjean),?* the use 
of trichloroacetic acid as a means of evalu- 
ating safe exposure levels (Ahlmark)** and 
the lack of objective evidence in the U.S. of 
injury among trichloroethylene workers 
chronically exposed over a period of many 
years. Further exploration, both medical 
and toxicologic, is needed to clarify this im- 
portant question. 


Herbert E. Stokinger, Ph.D. 
Chief, Toxicology Services 
Occupational Health Program 
Cincinnati 
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Committee on Health Hazards in 
Uranium Mining and Milling Industry 


A meeting was held in Denver on April 
11, 1956, to review preliminary findings 
and recommendations resulting: from the 
five year research project on radon and its 
daughter products in the mines and mills 
in Colorado. The meeting presented an op- 
portunity for representatives of the Occu- 
pational Health Program of the Public 
Health Service, U.S. Department of Health, 
Education, and Welfare, the Colorado State 
Department of Public Health, Colorado 
Bureau of Mines, Industrial Commission of 
Colorado and others, and the mine operators 
and ore processors to talk over the findings 
prior to their publication. 


1. Summary of the History and 
Development of the Project 

Mr. Henry N. Doyle, Occupational 
Health Program, Public Health Service, 
Washington, D.C.—The Colorado Plateau 
survey has had a two-pronged approach, an 
environmental study of the atmosphere in 
the mines and mills and a medical study of 
persons engaged in the industry. Through- 
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out the study there has been an effort to 
accumulate information which could be used 
to formulate standards or criteria for oper- 
ations and for the health protection of the 
workers. 


2. Summary of Study on Occurrence of 
Radon and Radon Daughter Products 
in Uranium Mines 


Mr. Duncan A. Holaday, Chief, Occupa- 
tional Health Field Station, Public Health 
Service, Salt Lake City, Utah.—During the 
first year of the survey, samples of radon 
and radon daughters were taken but it be- 
came apparent that the daughters were more 
important in determining hazards than the 
radon itself. 

Previous European studies had been con- 
cerned with radon and had not taken into 
consideration the factor of air movement 
and its effect on radon daughter concentra- 
tion. A field method of determining all 
daughters was developed which expressed 
concentrations in equivalent ppc/liter 
(micro-microcuries per liter) of air and 
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from data compiled and correlated with 
other information, a suggested working 
level of 300 ppc/liter was established that 


appears to be safe and can be achieved 
through ventilation under most circum- 
stances. 


Samples obtained from 157 mines in Colo- 
rado in 1952 indicated that the majority 
were in excess of 300 pyc/liter. In follow- 
ing years, emphasis was placed on improv- 
ing ventilation and it was found that even 
a little air movement makes a great deal of 
difference in the radon daughter concentra- 
tion. 


3. Summary of the Medical Aspects 

of the Study 

Dr. W. Clark Cooper, Chief, Occupational 
Health Field Headquarters, Public Health 
Service, Cincinnati.—Detailed medical ex- 
aminations were begun on miners, mill 
workers, and others involved in uranium 
operations in 1950. The first year, 588 
persons were included in the study; in 1951 
there were 456 and the following year 305. 
In these groups, only 65 persons were 
found who had three or more years of 
employment with underground exposure. 
This means that European and Colorado 
statistics should not be compared at this 
time, as many of the European miners had 
had very long exposures. 

In 1954, a total of 1319 uranium mine 
personnel were examined to establish them 
as a study population to be followed in 
their work in the uranium mines. If mem- 
bers of this group leave uranium mining, 
an effort will be made to continue to check 
on them. A census of miners completed in 
1955 resulted in the locating of 668 of the 
1319 examined the year before. Follow-up 
by mail of the remainder resulted in locat- 
ing all but 171. 

Dr. Cooper said that except for radio- 
graphic evidence of silicosis in occasional 


individuals there have been no medical 


findings to date which show any effects 
attributable to occupation in the uranium 
industry. While the findings provide no 


grounds for alarm, on the other hand, there 
are no grounds for complacency. There is 
not sufficient information on enough men 
exposed in uranium mines for a long enough 
period to draw any conclusions. 

The current plan is to repeat the medical 
examinations at three to five year intervals, 
with annual census and persistent follow-up 
efforts. It is important to follow up ura- 
nium miners over many years to know what 
happens to those who leave mining as well 
as those who remain. 


4. Summary of the Survey of the 
Uranium Mills 

Mr. P. W. Jacoe, Chief, Occupational 
Health Services, Colorado State Depart- 
ment of Public Health, Denver—tIn the 
survey of atmospheric uranium concentra- 
tions in the mills, two relatively high-expo- 
sure locations were found, at the crushing 
operation and at the final handling or sack- 
ing operation. The hazards differed with 
individual mills according to their facilities 
and methods. All mills in Colorado have 
been surveyed once and many have been 
surveyed twice. Each mill operator has 
received a report on his mill with recom- 
mendations for necessary corrections. 


5. Interpretation of Colorado’s Standards 
and the Polonium Study 

Mr. Jacoe—The standard of 300 
liter for radon daughters was adopted in 
1955 by the Colorado Bureau of Mines. The 
Bureau of Mines is the enforcing agency. 
The State Department of Public Health 
serves as a technical consulting agency. 
Some confusion has arisen because of a 
previously publicized standard of 100 ppc/ 
liter. It was explained that the first pub- 
lished standards did not indicate that the 
100 pyc/liter referred to each of the three 
daughter products, or 300 pyc/liter of radon 
daughters in equilibrium as it is now ex- 
pressed. 

The proposed polonium study is an at- 
tempt to establish an index of the total 
exposure of an individual to radon and its 
daughters. Polonium in the urine is a quan- 
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titative determination of exposure to radia- 
tion and not a manifestation of damage. 
The study will attempt to determine how 
fast polonium is built up in the body and 
how fast it tapers off when the exposed 
organism is away from the source of radia- 
tion. The researchers will perform urinal- 
yses on miners before they start work in 
uranium mines and will check them at 
stated intervals to determine changes in 
polonium excretion. 


6. Summary of the AEC Licensing 
and Regulatory Program 


Mr. H. L. Price, Atomic Energy Com- 


mission, Civilian A pplication Branch, Wash- 
D.C.—The Atomic Energy Act 
licenses: Use of fissionable materials, at 
present applying only to reactors, transfer 
and use of fissionable materials, and the 
source material, uranium. 


ington, 


The Radiation Protection Standards pro- 
posed to set levels of exposure of people 
working in plants and to set limits on the 
amount of radioactive materials which can 
be released into the environment of a plant. 
The Standards, not yet in force, will apply 
to mills but not to mines. 


I» 
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Combine your own clinical 
experience with the 
knowledge of experts .. . 


by reading 


° A.M.A. Archives of 
DERMATOLOGY 


° A.M.A. Archives of 
PATHOLOGY 


A.M.A. Archives of 
INDUSTRIAL HEALTH 


Write To: 
Subscription Department 


American Medical Association 
535 N. Dearborn Street 
Chicago 10, Ill. 


B: ~ A Specialized Soap to Meet Every 
— Type of Plant Requirement! 


Whether for light, heavy or extra heavy duty, for 
general plant or office use, or to solve specific 
cleansing problems, our more than 40 years of 
experience in serving industry is at your service. 


Your inquiries will receive prompt and intelligent 
attention! 


LIGHTFOOT SCHULTZ COMPANY 
380 MADISON AVENUE NEW YORK 17, N. Y. 


Pamphlets 


The Skin in Health and Disease. 
Harold N. Cole. 8 pages. 15 
cents. 

“Hair-Brained” 
Mattox Miller. 
cents. 


Acne. 2 articles. Robert P. Little; 
Jane Parker Kirkpatrick. 12 
pages. 15 cents. 


Cosmetic Facts and Fancies. Aus- 
tin Smith. 8 pages. 15 cents. 


Notions. Lois 
12 pages. 15 


SKIN 
a b out PROBLEMS 


Psoriasis, The Threadbare Mantle. 
Lester Hollander. 12 pages. 15 
cents. 

Fire Under the Skin. William W. 


Bolton. 12 pages. 15 cents. 


Please remit with order 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St. @ Chicago 10 


WISCONSIN ALUM 


P. O. Box 2217-Q 


| RESEARCH FOUNDATION 


MADISON 1, WISCONSIN 


udies for the Chemical, 


i St 
Toxicology Pesticide, and Food 


Pharmaceutical, 
Industries (acute and chronic) 
Projects and Consultation. 


Write for price schedule and 
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| Powdered 
| Soap 
Liquid EVERY TYPE OF Bar 
Soap a SKIN CLEANSER Soap 
Lit h 
_ manufactures all three from raw 
material to finished product! 
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but awake 


In emotional and nervous disorders, 
Mebaral exerts its calming influence 
without excessive hypnotic action. 


Mebaral is also a reliable anticonvulsant. 


INDICATIONS: 


Because of its high degree of sedative 
effectiveness, Mebaral finds a great field 
of usefulness in the regulation of 
agitated, depressed or anxiety states, 

as well as in convulsive disturbances. 
Specific disorders in which the calming 
influence of Mebaral is indicated 
include neuroses, mild psychoses, nervous 
symptoms of the menopause, hyper- 
tension, hyperthyroidism and epilepsy. 


for sedation 


Sedative: 
32 mg. (% grain) and 
new 50 mg. (% grain) 
Antiepileptic: 
0.1 Gm. (1% grains) 
and 0.2 Gm. (3 grains) 
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